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FOREWORD

This report was prepared from data provided by the Secretary of the Air Force Special
Projects Office (SAFSP), the Defense Mapping Agency (DMA), the Aerospace Corporation, and the
HEXAGON Associate Contractors.

As the HEXAGON (KH-9) Mapping Camera Program was approaching its scheduled comple-
tion date of mid-1981, the Secretary of the Air Force Special Projects Office (SAFSP) in E1 Segundo,
California, initiated a task to prepare a history of this highly successful program. It was initially
envisioned that the report would cover only the Mapping Camera System (MCS), its development,
operation and results, But during ensuing discussions between government and contractor person-
nel it was recognized that a history of the MCS alone would give future readers only a fragmented
account of how the MCS fit into the overall picture of satellite reconnaissance—obviously we did
not just suddenly acquire this sophisticated capability.

Of particular concern to Lt. Colonel Guy F. Welch (SAFSP) at the time, was the scarcity of
historical data readily available for the indoctrination of newly assigned personnel to SAFSP.
“0ld timers” who might be capable of giving a well-rounded briefing (from first-hand experience)
on the evolution of satellite reconnaissance were not easily accessible in 1980, over two decades
after the development and first launch of an American satellite. And, though there were printed
accounts covering certain periods in satellite development, there was seen a need to prepare a
condensation of records and to include synoptic charts, schematics and photographs to serve better
as an initial indoctrination tool.

For these reasons, it was decided that a supplement should be added to the MCS history to
provide a synopsis of the evolution of satellite reconnaissance in general, and that in this particu-
lar case, the supplement should be placed ahead of the “original” main subject., The result then was
to prepare the report in two parts, Part I covering the evolution of the satellite reconnaissance
capability, and Part II, the Mapping Camera System (MCS), Part II also includes a description of
the overall HEXAGON (KH-9) system, but only briefly, since a full history of the HEXAGON pro-
gram is in preparation., It is the intention of the present SAFSP Director, Major General John F,
Kulpa that histories of the HEXAGON program and other programs, which are still active, shall be
completed at appropriate times and in adequate detail.

Four reports were used principally as reference sources in the preparation of Part I.
Through extensive research, authors have presented from varying perspectives the evolution of
missiles, satellites and government organizations during the period 1945 to 1960 in sufficient
detail to develop the theme we were looking for. Hence, the following reports were drawn on
extensively (in many instances verbatim) and are referenced throughout part one.
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“U.S. Military Space Programs: A Brief Analytical History, and Interaction with Operational
Forces, 1945, 1975,” B. W. Augenstein, August 1975 (UNCLASSIFIED).

“The U.S. Military in Space, Its Inheritance and Bequest,” the United States Air Force
Academy Military Space Doctrine Working Group, March 1982 (UNCLASSIFIED).

“A History of Satellite Reconnaissance,” Volumes I through IIIB prepared by Robert Perry

under direction of the NRO (RFGR-SECRET/BYES,

“CORONA Program History, Vol I Program Overview,” produced by the Directorate of
Science and Technology, Central Intelligence Agency, 19 May 1976 (FOP-SECREFBYE—
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BACKGROUND

As future readers look at the history of space exploration, they will probably be perplexed
at the variety of booster vehicles and satellite systems that were developed in the 1950’s and
early 1960’s, the genesis of the space age. Since this report will be used in part for orientation
purposes, it was felt that brief accounts should be given of the many facets which were influential
in shaping the events of those formative years. Although historical records vary as to emphasis
and detail, there is common agreement on three points:

1. The technology to build space vehicles, admittedly of great challenge in the early days,
nevertheless arrived much sooner than did the government organizations which were
required to direct this radically new concept of vehicle development and deployment.

2. There were two significant events during the 1950’s which served to overcome a general
lethargic attitude toward space and satellite development.

e In 1952 the United States exploded a thermonuclear device—several months later
the Soviets exploded a similar weapon.

e On 4 October and 3 November 1957, Russia scooped the U.S. by successfully
launching Sputniks I and II into orbit.

3. The stimulus which finally brought priorities to focus on satellite reconnaissance came
on 1 May 1960 when a United States U-2 high-altitude reconnaissance plane was shot down
over Russia, resulting in the closing of Russian skies to overflight by airplanes.

EARLY MISSILE RESEARCH

Pre-World War I

The first guided missiles in the United States were built and tested from 1916 to 1918 during
World War I, but were never used in combat. As propeller driven airplanes without pilots, these
first guided missiles had “pre-set controls,” which means that their target could not be changed
in flight. They were equipped with automatic pilots and vacuum devices to drive the planes to their
destinations, and explode the bombs they carried. Charles F. Kettering, the automobile engineer,
and Elmer Sperry, who developed the gyroscope, helped design these early types of guided missiles.

The first command-type guided missile, or one that could be maneuvered in flight by
remote-control command, was a radio-controlled airplane built by the United States Navy in 1924,

The first successful drone missile, called the QUEEN BEE, was demonstrated in Great
Britain in 1935. This drone, a standard Navy training plane fitted with radio controls, was used
as an antiaircraft target.
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World War II Era

During World War II Germany made the first successful use of ground-to-ground guided
missiles in combat. The Germans built a huge missile-research center in 1937 at Peenemunde
on the Baltic Coast, and at this center developed and tested more than 20 types of missites.

By 1944 bombing raids by allied airplanes had ruined many industrial cities in Germany.
To help revive the spirits of the German people, German leaders announced the VERGELTUNGS-
WAFFE EINS, or Vengeance Weapon One. The V-1 was 25 feet 4 inches long, carried one ton of
explosives, and was powered by a pulse-jet engine developed by Paul Schmidt, a Munich engineer.
The British called the V-1 the “Buzz-Bomb,” because the loud noise of its engine announced its
coming long before it exploded. The V-1 could go about 150 miles at a speed of 360 miles an hour.

Defense fighters shot down V-1’s rather easily because of their relatively slow speed, but
by the end of the war, buzz-bombs had killed thousands of persons in England.

On 8 September 1944, the German’s began to use an even more terrifying rocket-propelled
V-2 guided missile, produced under the direction of Count Wernher von Braun. Having the
appearance of a giant wingless artillery shell, the V-2 was 46 feet long with four arrowlike fins
at its tail. Carrying more than a ton of explosives it was a pre-set missile, like the V-1, but
much more complicated having more than 30,000 parts. The V-2 was guided by an automatic pilot
and had an electronic brain which shut off the rocket engine at the proper time to make the missile
dive to its target. The people could not hear this missile coming since it traveled at over 3,600
miles an hour, much faster than the speed of sound. Having a range of about 200 miles, it was
launched straight up and zoomed to a height of about 60 miles before diving toward the target.

In the United States many experiments were made with guided missiles, but only a few were
put to use during World War II. The simplest guided missile was the Air Force’s guided bomb
called the AZON, a command-type air-to-ground missile. It was a standard 1,000-pound bomb
which could be steered to the right and left by a radio operator in the bomber. Special control
apparatus in the tail of the bomb consisted of gyroscopes, batteries, and a radio receiver. The
AZON bomb was successfully used in 1944 against river locks and viaducts in Germany.

Another successful but far more complicated missile was the Navy’s BAT. The BAT was
a homing air-to-ship glide-bomb missile. While the BAT was still slung under the wing of an
airplane, its radar nose was carefully pointed at an enemy ship. The radar was “locked-on” to
the target and the BAT was released to glide and steer itself.

Although the world was still airplane oriented at the close of WW II, the knowledge gained
by German specialists in missile development would soon be surfaced in countries where numerous
German scientists and technicians were relocated after the war, predominantly the United States
and Russia.

Post-World War II

Following the close of World War II, three of the armed services, Army, Navy, and Air
Force each began research in the area of guided missiles. As a result, each claimed itself the
legitimate heir to the responsibility of developing and organizing missile and space research.!*

*References are presented at the end of Part I (page 138).
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Recruiting German scientists and technicians who had worked on the German V-2 project,
the Army commenced their research at Ft. Bliss near El Paso, Texas. Most of their early testing
was conducted with captured V-2 missiles. Dr. Wernher von Braun, the leader of the German
scientist team assisting the Army, was responsible for introducing many American scientists and
engineers to the technology required to design and build missiles.

Much of the research conducted with the V-2’s involved experiments with the upper atmo-
sphere. For several years, von Braun’s team launched V-2’s and enhanced V-2’s, until the supply
of these captured missiles was nearly exhausted in early 1950. By this time, guided missile
technology having advanced beyond the range of the White Sands Missile testing area, the Army
decided to relocate von Braun’s group to the Redstone Arsenal at Huntsville, Alabama. The
advantage of this site was its relative nearness to the Eastern Test Range at Cape Canaveral in
Florida.

The Korean War broke out in late 1950 and the missile development group at Redstone was
asked to design a missile having at least a 500-mile range. The missile von Braun’s team built
was named the REDSTONE. Liquid fueled, this missile was initially flight-tested on 20 August
1953. Thirty-six more of these missiles were built and flight-tested from 1953 to 1958.

At the end of World War II the Navy also had discovered a use for the “newly” developed
rocket technology. A Rocket-Sounde Research Branch was established within the Naval Research
Laboratory (NRL) to produce rockets with the capability to research conditions in the upper
atmosphere. Two rockets were produced by the Navy—the VIKING and AEROBEE. The VIKING
was derived largely from V-2 technology and was powered by a 20,000-pound-thrust liquid oxygen-
alcohol engine. The AEROBEE was originally powered by a 21,000-pound-thrust solid-fueled
engine, but later versions were capabie of being fueled with JP-4 jet fuel. The AEROBEE was
such a successful sounding rocket that a great variety was produced. The VIKING did not share
that same type of success. First launched on 3 May 1949 to an altitude of 50 miles, the VIKING
became the forerunner of America’s infamous VANGUARD booster.

The Air Force was the first service to begin work on long-range missgile technology. The
early work was not done on missiles, but on long-distance guided airplanes or rocket powered
flying bombs. The successful development of the U.S. short-range flying bomb (the JB-2) before
World War II ended convinced Air Force leaders that the winged missile could probably be
deployed sooner than long-range missiles—still to be developed. Understandably, at this point
the Air Force was still conditioned to think in terms of “winged” vehicles.

Following the end of the war, the Air Force began research on three pilotless flying bombs.
The SNARK (of Northrop Corporation) was the first winged missile to have intercontinental range.
Designed to fly up to 7,000 miles, it could carry a 5,000-pound nuclear warhead. The Air Force
funded the SNARK program somewhat unenthusiastically and it did not become operational until
1958.

A second guided missile project was the Martin MATADOR. It was not built to fly so great
a distance as the SNARK, but this shorter range and development time made the MATADOR
an ideal missile for deployment in Europe. In 1955, a year after completing flight tests, the
MATADOR entered operational service in Europe and the Far East.

The third and by far most important cruise missile was the NAVAHO of North American
Aviation Corporation. Although this missile never got past early development and testing phases,
its technology was used on almost all advanced missile and high-speed bomber projects throughout
the three military services in the late fifties and early sixties.
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As a true intercontinental ballistic missile (ICBM), the Convair Corporation had earlier
designed the MX-T774 for the Air Force. Funding, however, was terminated by the Air Force
prior to 1953 and only token work continued.

One general argument against ICBM’s was weight. The weight of atomic (fission) warheads
in the immediate post-war years was so great that many Air Force leaders believed an ICBM was
an impractical weapon. The weight and fuel required to deliver a warhead over a 5,000-mile
distance made development and construction prohibitively expensive. And besides the weight
problem, no one had yet developed a guidance system accurate enough to guide a rocket over the
intercontinental distance and then hit within a few thousand feet of the target. These technological
problems made easy the decision to cancel the MX-774 and instead to support cruise missiles.
The advent of lightweight hydrogen (fusion) warheads in the mid 1950’s, having megaton capabilities,
would resurrect the idea of feasibile ICBM’s for military purposes.

EARLY SATELLITE RESEARCH

Space interests in the post-World War II United States began with a May 1945 report
(von Braun to H. S. Tsien) discussing German views on prospects and potentials of satellites,
during an early interrogation. (As an aside, Tsien went on, after his return to China in the 1950’s,
to become the leading weapons expert in the Peoples Republic of China.) The Navy learned of the
report, and interest started in the Bureau of Aeronautics for further study; Hyatt, Havilland,
Berkner and Hall were responsible for the study request of December 1945 to the Jet Propulsion
Laboratory (JPL) for satellite vehicle studies.

Army Air Force* interest in satellites was also evident in two reports in 1945:

@ In a November 1945 Arnold Report “. . . the design of space ships . . . is all but
practicable today . . .”

e In a December 1945 report on the occasion of a proposal for Atomic Energy Detection
Systems “. . . including space vehicles, space bases, and persuasive devices . . . therein.”

Budget cuts in 1946 prompted the Navy to propose to the Air Force combined sponsorship
of programs at a joint meeting (March 1946). In July 1946, the Navy assigned contracts to Aerojet
North American Aviation (NAA), and Martin for propulsion and vehicle engineering design work
for satellites,

3

The Navy work showed the following interests:
e Discussion of hydrogen-oxygen propulsion.

e NAA work on a High Altitude Test Vehicle (HATV): pressurized structural tanks, etc.,
later on ATLAS; single stage concepts.

e Reasonably detailed design and layout studies for both Martin and NAA satellite vehicles
with substantial payloads (up to 2,000 1b),

e Though only peripherally related, work on nuclear rocket and ramjet propulsion.

*Near the end of World War I, Brig. General William “Billy” Mitchell became Chief of Air
Service for the U.S. Army. The Air Service was renamed the Army Air Corps in 1926. The Army
Air Forces was formed in 1941. Then, on 18 September 1947, Congress created the United States
Air Force (USAF) as an equal partner with the Army and Navy.
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The Air Force’s action was to assign a major study to Project RAND * to investigate the
feasibility of artificial satellite vehicles. The conclusion was that a large rocket would have
sufficient performance to place several hundred pounds of payload on orbit.

The Rand report, although done very quickly to stake out a claim for the Air Force in the
space field, vis-a-vis Navy, contained some rather thorough preliminary scientific and engineering
analyses of satellite feasibility. Concepts studied included multi-stage vehicles, meteor problems,
reentry considerations, scientific applications, detailed trajectory analyses; military uses for
assisting missile guidance, and for reconnaissance, weather surveillance, and communications;
and the potential impact and significance of the satellite project were assessed and highlighted.
Major documents coming from the Air Force studies included:

e Douglas Aircraft (Project RAND), May 1946, “Preliminary Design of an Experimental
World-Circling Space Ship.”

e Project RAND Summary Report, June 1946, “World-Circling Space Ship,” RA-15001.

In February 1947, Rand published a multi-volume detailed study amplifying their prior work.
As a result, in September 1947, the USAF requested an Air Material Command (AMC) evaluation
of the Rand reports of February 1947. The December 1947 response of AMC verified feasibility,
but had questions of utilization, and reflected doubts that funding would become available at the
appropriate level. AMC suggested the establishment of a satellite project (to prepare specifica-
tions, requirements, and scheduling). AMC further suggested the priority of guided missile
development, but proposed nevertheless starting on satellite component developments.

Subsequently, the Air Force Chief of Staff General Hoyt 8. Vandenberg’s policy statement
(January 1948) constituted the firgt clear service statement of space program interest (“USAF . . .
has logical responsibility for satellites . . .”). Although funding competition effectively devised
development of satellites, the January 1948 policy was put into effect (by February 1948) by
authorizing Rand to do research and to let subcontracts in field. However, the military worth of
satellites was not yet fully recognized in the USAF. The Research and Development Board con-
curred in the USAF action (mid 1948); and the USAF became the only service authorized to expend
funds on satellite vehicle studies.

In 1954, Rand published summary reports entitled Project “Feed Back.”? These reports
(edited by J. E. Lipp and R. M. Salter) covered the preceding 8 years of work, and with cognizance
having been turned over to the Air Force, Rand made the following specific policy recommenda-
tions:

1. The earliest possible completion and use of an efficient satellite reconnaissance vehicle
is of vital strategic interest to the United States.
2. The satellite operation must be considered and planned on a high policy level.

3. The project should be handled as sensitive matter as regards disclosure. Secrecy
concerning the operation should be maintained, particularly during the period just
preceding and immediately following launching.

4. The extent and nature of disclosures regarding the actual operation should be determined
in the light of the general political situation.

*Progenitor of the Rand Corporation, but then a special element of the Douglas Aircraft
Corporation.
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5. The international,legal,and political implications of the operation should be carefully
considered; defense against possible legal attacks from the Soviet side should be
prepared.

6. Delayed transmission techniques, permitting receiving stations in territories under U.S.
jurisdiction, are preferable to instantaneous transmission, because they would reduce
the political vulnerability of the project.

The most promising first-use appeared to be reconnaissance by means of television.
Reasonable comprehensive investigation of this scheme was carried out by Rand during 1949 and
1950 and a satisfactory utility was indicated. Study of auxiliary power plants for the satellite was
undertaken by Westinghouse Electric Corporation for RAND during this time.

Investigations were conducted of certain critical elements of the reconnaissance satellite.
These included:

1. Studies of the suitability of television for reconnaissance by satellites, made by the
Radio Corporation of America for Rand on subcontract.

2. Studies of auxiliary power plants to supply electricity to vehicle-borne equipment, made
by Allis-Chalmers Manufacturing Company, Bendix Aviation Corporation, Frederic
Flader, Inc., and Vitro Corporation for the Atomic Energy Commission (AEC) at Air
Force request.

3. A subcontract from Rand to North American Aviation, Inc., to study an attitude-sensing
and control system for the orbiting vehicle.

4. A prime contract from the Air Force to North American Aviation, Inc., to study a
takeoff guidance system to place the vehicle in orbit.

5. Various supporting studies by Rand and its consultants on political and psychological
effects of satellite operations, weather analysis by satellite television pictures, prop-
erties of the upper atmosphere, effects of meteors on sateilite vehicles, and component
characteristics.

The characteristics of a satellite reconnaissance scheme, referred to at the time by the
unclassified code name “Feed Back,” was conceived as being an integrated means for obtaining
initial pictorial reconnaissance of potential enemy territory. As such it included not only the
television equipped satellite vehicle, but also ground facilities for handling and evaluating infor-
mation gathered.

At first, the satellite would probably provide initial reconnaissance, determing the existence,
approximate location, and general nature of targets and activities. Other promising recomnaissance
applications were mapping and weather intelligence.

The need for secrecy in developing this capability was stressed due to the novelty of satellite
reconnaissance and the recognition that counteraction against Feed Back could be effected in many
ways—action against the vehicle, action both physical and political against the communication
stations, and attempts at deception.

Although it had been proposed that the Navy work with Rand and the Air Force, in the
summer of 1948 the Navy relinquished interests in satellite work because of the limitations in
R&D budget allocations.

S59W-23422/82

: BYEMAN/TALE EYHOLE

6 CONTROL SYSTEMS TLY

Approved for Release: 2022/02/25 C05099307



Approved for Release: 2022/02/25 C05099307

—TOP-SECREH/RUFF/GAMBI/HEXAGON- MCS HISTORY

INTERIM AERIAL SURVEILLANCE METHODS

As this ground work for space vehicles was being laid in the late forties and early fifties,
it was apparent that satellite reconnaissance, if to be possible at all, was at best several years
in the future.

The real significance of the German V-2 scientists taken to Russia following World War II
was brought home by the explosion of the first Soviet hydrogen bomb on 12 August 1853, just 8
months after America’s first, Recognition of the need to know what was going on behind the Iron
Curtain was evidenced by the forthcoming diversity of ideas and plans—some new and some
revitalized—to conduct aerial surveillance by “non-conventional” means. Few of these, however,
survived political or funding constraints.

One plan discussed but not pursued beyond some initial planning, was the idea that the
critical need to obtain photographic coverage of Russia for mapping purposes might be accom-
plished in a one-shot operation through a specialized deployment of high-altitude airplanes.’ The
plan envisioned that a fleet of super aircraft could be stationed in Europe in sufficient numbers
to span Russia (photographically) from north to south, being maintained on alert status awaiting a
period of wide area high pressure when the entire U.S.S.R. would be virtually cloud free. The
fleet would then cover the country in one sweep from west to east, landing then at friendly bases.
This idea was born (and died) before the U-2 era, the U-2 being an airplane that would have been
technically qualified for such a mission had it been available at an earlier date. There was one
airplane undergoing tests at the time, however, that might have been worthy of consideration for
this operation, the Northrop Flying Wing. Although the operational ceiling of the Wing was
published as being 40,000 feet, there was speculation that the photographic reconnaissance version
(YRB-49A) with four 5,000-pound-thrust Allison J-35-A-19 engines in the wing and two more
suspended in pods below the wing, might be capable of operating at much higher altitudes. But
even if airplanes with desired performance had been available to make the plan technically fea-
sible, it is doubtful that any such overflight would have received political sanction.

Another plan to photograph Russia by unconventional means was initiated in the early fifties
and did become operational, though for a very brief time. This approach to acquiring intelligence
data over denied areas involved the use of high altitude balloons. The program, code name
“GENETRIX,” called for large plastic balloons carrying light-weight cameras and electromc
equipment to be floated across the U.8.S.R.*

As to the operational concept, they were to be launched between 0° and 60° north latitude
during the winter months to take advantage of the high altitude westerlies. The vehicles were to
be capable of remaining above 60,000 feet for periods of 8 to 10 days, during which they should
travel some 5,000 to 10,000 miles. Recovery sites located in the Northwest Pacific would locate
and track the balloons as they came into range, and suitable aircraft would recover the payloads.
The payload, consisting of two 450-foot rolls of 9Y,-inch film and one roll of 16-mm film, would
be packed and shipped to the U.S. for processing, indexing, and studying. It was estimated that
successful operation of 2,500 vehicles would net 85% coverage of the area of interest.

Original research and development work in this system was started about 1950. By 1952,
after unsatisfactory progress, the project was reorganized, given more financial support, higher
priority, and transferred from Wright Air Development Center (WADC) to Air Force Cambridge
Research Center (AFCRC) for continued development. Here the vehicle was developed as a
weapon system under Project 1191, and the development time was cut by one year under a 1-A
priority crash effort.
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In February 1954, Colonel Richard Philbrick, Commander, Aeronautical Chart and
Information Center (ACIC) at St. Louis, Mo., received a letter from Mr. Walter J. Levison of
Boston University, stating that Boston University had a contract with AFCRC to develop the
photographic system for Project 1191, and discussing possible photographic equipment to be
used in the project. He asked coordination with Colonel Philbrick and ACIC in the design of the
equipment. Final authority, outlining ACIC’s responsibility in the project, was a top secret letter
from Headquarters, USAF, dated 29 July 1954, assigning an additional function to ACIC. This letter
called for ACIC to accomplish data reduction, i.e., processing, indexing, and photointerpretation
on a crash basis; however, late in March 1355, the responsibility for processing film was trans-
ferred to SAC, mainly for budgetary reasons—since the SAC Reconnaissance Technical Squadrons
had the equipment and personnel in place and were capable of doing the job, whereas ACIC would
have to procure the equipment and train the personnel.

ACIC’s answer to Mr. Levison’s letter pertaining to camera configuration recommended,
as first choice, two 6-inch focal length, 10.4 x 10.4~inch format cameras with tilts between 35°
and 40°. An exposure interval of approximately 10 miles was suggested; based on an estimated
speed of 50 knots at 80,000 feet, this would mean a time interval of 12 minutes between exposures.
An azimuth device would be preferred but the rotation would be acceptable if split vertical cameras
were used. The system that was recommended as second choice {(which consisted of two 6-inch
focal length 9 x 9-inch format, 35° split vertical cameras) was finally selected for the project.

The photointerpreter (PI) team was made up of members from the Army, Navy, CIA, RAF,
SAC, TAC, USAFE and FEAF (Far East Air Force).

The cover story to account for the existence of the large balloons stated that the project
was part of a worldwide meteorological survey presently being conducted by the USAF to secure
vital high altitude scientific data in conjunction with the International Geophysical year.

The first vehicle was launched on 10 January 1956 between 0100-0200 GMT. On 6 February
1956, operations were suspended as a result of formal protests by the Russians. During this brief
period, 512 vehicles were launched and 54 were recovered, i.e., by the “intended” recovery forces.
1,984,173 square miles of photographic coverage was obtained of which 322,304 square miles
consisted of duplicate coverage. Of this total, 1,116,449 square miles fell within the Sino-Soviet
area.

Although this program was short lived, there were many benefits derived from the product.
New targets were located, and confirmation of intelligence on previously known targets was pos-
sible. Probably the most significant long-term benefit was that this program provided experience
in processing data from random reconnaissance over a large area, thus giving the using community
an insight into future data handling requirements.

But by far the most productive aerial photographic reconnaissance development to become
operational in the mid fifties was the U-2 “Spy Plane.” Designed by Clarence L. (Kelly) Johnson,
one of the most renowned and imaginative aircraft designers in the world, the plane was built by
the Lockheed Aircraft Corporation in Burbank, California in a location that became known as the
“Skunk Works.”

The U-2, with somewhat the appearance of a glider and having exceptionally high altitude
capability, began flights over the Soviet Union in 1956 to monitor ICBM tests and to find out just
how far the Russians had progressed toward developing a nuclear armed intercontinental ballistie
missile (ICBM). As anticipated, the Soviets were able to track its flights by radar, but much
sooner than expected—in fact, on the very first flight. A formal protest was filed by the Soviets;
however, U-2 operations were resumed after a temporary standdown and the U-2 ranged over much
of the world for nearly four years.
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GOVERNMENT ORGANIZATIONS EVOLVED AS SPACE VEHICLE DEVELOPMENT CONTINUED

Experiments in the construction of thermonuclear devices by the Atomic Energy Commission
(AEC) in 1953 demonstrated that the weight of the warhead could be reduced and hence an effective
ICBM could be built. These technological advances coupled with intelligence reports that the
Soviets were already developing missiles with intercontinental range, helped to convince the new
Assistant Secretary of the Air Force, Trevor Gardner, that the United States should increase its
ICBM research efforts.

Trevor Gardner, because of the Soviet threat and the improving state of missile technology,
formed the Strategic Missiles Evaluation Committee (SMEC) in late 1953. The SMEC or “Teapot
Committee” as it was popularly known, was chaired by Dr. John von Neumann, a prominent
American scientist. The committee’s membership consisted of leaders of the scientific and
technological community. Holding its first meeting in November 1953, the SMEC investigated all
strategic missile programs then in progress in the United States and the Soviet Union, Forwarding
its recommendations in early 1954, the Teapot Committee formally urged the creation of a sepa-
rate military organization to conduct the research and development of long-range missiles. In
addition, they suggested this new organization assume control of the ATLAS* project and develop
an upgraded version of the underfunded project.

The organization created by the Air Force at the request of Trevor Gardner, was the
Western Development Division (WDD). Located at Inglewood, California, the WDD was first
commanded by Brigadier General Bernard Schriever. In late 1954, he became responsible for
the development of America’s first ICBM—the improved ATLAS. In 1955, ICBM development
became the first national priority and Schriever’s budget grew accordingly.

As a hedge against ATLAS failure or the possibility of unforeseen developmental delays,
the WDD began work on the TITAN, a second ICBM, using systems that had been developed for
the ATLAS. An Intermediate Range Ballistic Missile (IRBM) was also designed using ATLAS
components; this was the THOR, a 1,500-mile-range missile weighing about 100,000 lb. Planned
as a stop-gap measure to be deployed in Europe, the THOR was an “ICBM hedge” against the
advanced Soviet ICBM technology. A final ICBM project, undertaken by the WDD before SPUTNIK
was the design of the first solid fueled missile—the MINUTEMAN. This missile project succeeded
largely through the efforts of Colonel Edward N. Hall. Because a solid-fueled missile offered the
advantage of longer storage and short response time at a less expensive price, the government
chose to build a 1,000 missile MINUTEMAN force in the early 1960’s.

On 8 November 1955, at the recommendation of President Eisenhower’s staff, the Army and
Navy began a joint research project to develop an IRBM. The Navy, about a week later, created
the Special Projects Office for missile research on the IRBM under Rear Admiral William F.
Raborn. Then the Army, on 1 February 1956, renamed the guided missile organization at Redstone
Arsenal to the Army Ballistic Missile Agency (ABMA). The missile these agencies decided to
develop jointly was named the JUPITER.

The JUPITER was basically an upgraded REDSTONE missile. This design was entirely
satisfactory to the Army because the technology of liquid fueled missiles was well advanced for
that time, and development time of this IRBM would not be long. The Army had actually begun
development on the JUPITER before jointly working with the Navy. The first mockup of the

*In 1951, the Air Force had revived the contract on MX-774 and redesignated it MX-1593,
or more commonly the ATLAS.
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JUPITER—the A Series—was launched beginning in September 1955. The first of the Third
Series, the JUPITER-C, reached an altitude of 682 miles and a range of 3,400 miles on 20
September 1956,

The Navy, certain that a liquid fueled rocket would not be suitable for sea service, pulled
out of the joint program with the Army, and on 20 November 1956, the Secretary of Defense,
Charles E. Wilson, issued a roles and missions memorandum that completely stripped the Army
of its long-range missile program. Dr. von Braun’s group became limited to developing missiles
with ranges of less than 200 miles.

The roles and missions memorandum, however, did not stop the Army from completing the
development of the JUPITER IRBM. On 31 May 1957, an operational JUPITER traveled over 1,600
miles in a launch from Cape Canaveral making the JUPITER the first successful IRBM. In mid-
1958, the ABMA delivered the first operational JUPITER’s to the Air Force for use in Turkey.

Meanwhile, in response to Rand’s Feed Back studies, in May 1954 the Air Force’s Air
Research and Development Command (ARDC) was directed to assume responsibility for study of
applications of Project Feed Back. System Requirement No. 4,in March 1955, established approval
of a clear effort to develop a reconnaissance satellite system.

By November, the Wright Air Development Center (WADC) at Dayton, Ohio had a small team
in place, and study contracts had been let to RCA, Martin and Lockheed for further definition of
time and technology requirements for satellite developments, under the nickname “Pied Piper.”
Two Air Force officers assigned to this small team, Q. A. Riepe and William G. King, Jr., then
holding the ranks of Major and Lt. Colonel, respectively, later assumed key leadership roles in
operational satellite programs. As a personal insight to attitudes and priorities of the time ,
Brigadier General King recalls that their charter at WADC was not very clear and that they
initially received little notice by the important people at Wright Field.® But in fairness to the
Wright Field leadership at the time, these were the days of the “Century Series” fighters—the
B-58 Bomber had a big program office—the B-52 Bomber office dominated every meeting and
action. Airplane development at the time was critically important and was pursued on that basis.
In the priority of things of that day—satellites—(“spelled how? ? one or two L’s”) didn’t command
much attention or supervision. For the several people in the office, the facilities were relatively
adequate. There were four desks and five people; one person was required to be on TDY at all
times! Luckily, King said, there were contingents in Baltimore (ARDC Hq) and at Rome and at
Boston who knew the ropes and were intent on getting a charter—or SOR or SOC or whatever the
license was to get a line item in a budget—and of course they were successful. At this time, and
during the years to follow, it was the personal enthusiasms of a few individuals that helped keep
things moving.

Briefings being the WADC team’s principal product, audiences were easy to come by, but
real help in the way of requirements, etc., was missing—“What the hell can you really do with
satellites? ?” But with General Schriever at WDD coming to almost everybody’s notice, the team
looked upon this missile oriented organization as a potential source of help that should be
investigated—after all, satellites needed boosters. Shortly following a briefing given in Los
Angeles in which the ARDC Commander General Donald Putt and other dignitaries were in atten-
dance, the decision was made to transfer the program, the resources and the people to WDD.

The transfer to WDD had actually been considered as early as October 1954 by the ICBM
Scientific Advisory Committee, which considered the possible interaction between satellite and
missile proposals. In January 1955, the committee proposed to address the question:
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Would working on the satellite vehicle interfere with the missile program? Although the commit-
tee expressed concerns on the interference of satellite work with the ICBM work in June 1955,
recognition that ICBM-IRBM boosters were essential for satellites eventually prompted the
program change from WADC to WDD.

Finally, on 29 October 1956, Lockheed was awarded the development contract for Weapon
System 117L (WS-117L), the designator for the military satellite program that was now committed
to the development and test of actual flight articles.

The key characteristics or “sales highlights” for WS-117L, which was also referred to by
the official nickname “New Horizon,” were:

Complete target coverage

Accurate specific target location
Continuous target area surveillance
Instantaneous warning of ICBM attack
Nearly invulnerable to attack or counter measures*
No air crews

No (typical) overseas bases

Invades no airspacef

High data rate

Economical per unit of data

Fast response

Growth potential.

The planning of WS-117L contemplated a family of separate systems and subsystems employ-
ing satellites for the collection of photographic, electronic, and infrared intelligence. The program,
which was scheduled to extend beyond 1965, was divided into three phases. Phase I, the THOR-~
boosted test series, was to begin in November 1958 and had a primary objective of development/
initial testing. Phase II, the ATLAS-boosted test series, was to begin in June 1959 with the objec-
tive of completing the transition from the testing phase to the operational phase and of proving the
capability of the ATLAS booster to launch heavy loads into space. Phase III, the operational series,
was to begin in March 1960 and was to consist of three progressively more sophisticated systems:
the pioneer versions (photographic and electronic), the advanced version {photographic and elec~
tronic), and the surveillance version (photographic, electronic, and infrared).

The main tasks of the photographic reconnaissance satellites, that hopefully would be
operational in the early 1960’s, were to study the Soviet ICBM’s in as much detail as possible—
number of missiles, number and construction of missile sites, support buildings, equipment, and
personnel—and to map the entire Soviet Union to provide targeting data for U.S. missiles. (Later,
as mapping was accomplished, it was discovered that the positions of some cities shown on Soviet
maps were deliberately falsified.) The nature of these requirements and the state of the art
together suggested a multiple approach in selecting the payloads to be developed. Physical film
recovery was considered best for high resolution and metric accuracy, but the art of recovering
vehicles from spaée had still to be developed. Recovery of instrument packages from rocket
flights had been very successful using parachutes when used with rockets attaining peak altitudes
of less than 60 miles. However, bringing back politically sensitive payloads from orbiting

*By 1961, the official program management prediction on this issue was that during the
1960°s the Soviets’ would develop the capability to destroy or render useless a satellite on orbit.

+ The legal aspects of space overflight had not been resolved to the same degree as penetra-
tion of air space.
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satellites presented a problem of great challenge.* On the other hand, radio transmission, with
resolution thought to be adequate for many of the area survey requirements, was attractive from
the aspect of timely data return. The decision was made to develop both film recovery and radio
transmission (readout) satellites as complementary programs, thus leading to the first two
photographic reconnaissance programs: CORONA for recovery and SENTRY for readout (SENTRY
was later renamed SAMOS).

The full scope development plan for WS-117L was endorsed in April 1956, Thus, despite
suggestions of high level indifference to the notion of militarily useful satellite vehicles, the
programs suggested by Rand over the previous ten years finally got under way in 1956. The
major milestones in the evolution of an “advanced reconnaissance system” up to this point are
summarized graphically in Fig. 1-1.

Basic USAF Project RAND USAF evaluation Development
rocketry satellite ft?asibility and implementation phase
research studies phase
phase - A ~ A st
| 1.5 million || 8.9 million ||
I H

bl

*45 ’463 47 1°48 | 49 | ’50 ’5{ 52 | '53 | '54 {’55 | '56 {°57 |58 |’58 | '65 | '66

p ¢

| ' /i

Satellite RAND issues GOR published| * Letter contract
feasibility satellite utility (Mar ’55) awarded to Lockheed
determined report (Oct ’58)

RAND recommends
satellite reconnaissance
development program

L Development directive
published (Aug ’56)

Fig. 1-1 — Advanced reconnaissance system evolution

*In 1951, 8 years before the first recovery of an orbiting body, Robert M. Salter, Jr. touched
briefly, but with great insight, on this subject during an address on Engineering Techniques in
Relation to Human Travels:® “It is physically possible to bring a satellite back without great
additional source of power. This is not easy and would require considerable development in con-
trol equipment. In launching a satellite, a long, coasting (elliptical) trajectory is indicated, with a
small additional kick provided to pull it into the orbit. The same kick in reverse will put the
vehicle back into the original ballistic flight path, but the vehicle might burn on the way down. By
using a carefully selected and maintained gliding trajectory it is believed possible to enter the
atmosphere without disastrous skin temperatures and high landing speeds. In fact, terminal speeds

slightly over sonic are indicated, at which point parts of the vehicle could be landed with parachutes.

The main problem then, of the returnable satellite,is that it requires a very accurate control during
the descent phase—automatic programmed control at the least—and possibly the continuously
computed variety.”
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SPACE PROGRAM COMPLEXITY DEEPENS

The following years were critically important years in the military space program. Once
the decision to undertake the basic WL-117L program had been made, program proposals began
to proliferate rapidly. The U.S. military space program rapidly became very complex.

In August 1954, Congress had approved U.S. participation in the International Geophysical
Year (IGY), and “launchings of small satellite vehicles” was recommended for such U.S. partici~
pation. Planned to begin on 1 January 1957 and run through 30 June 1958, the IGY was to be a
worldwide scientific effort to gather data about the sun and the upper reaches of the earth’s
atmosphere. Both the United States and the Soviet Union had announced that each would orbit an
artificial satellite to aid in the monumental research effort.

In early 1955, the Army and Navy had proposed a joint satellite effort, Project Orbiter.
However, a major poliey directive in May 1955 (NSC Dir. 5520) directed that no missile intended
for military purposes could be used for IGY satellites by the United States. The directive sup-
ported President Eisenhower’s “peaceful uses of space” concept.

Under the complex arrangements for the IGY satellite, the DoD was to supply the booster
to put the payload into orbit, the National Academy of Sciences would determine the experiments
to be placed on the satellite and the National Science Foundation would finance the venture. Since
each of the services were in some way involved with missile technology, an ad hoc committee was
set up to choose the booster.

Two of the three main contenders (the Army-Navy system based on REDSTONE, and the
Air Force ATLAS based system) were in conflict with the NSC directive. The other contender
was the Navy VANGUARD, not yet even under development. The underlying reason for choosing
the VANGUARD was that it had no “military taint,” a reason difficult to understand since a mili-
tary service, the Navy, was in charge of the VANGUARD program.

In retrospect, the decision to go with the VANGUARD was a serious blunder. Von Braun’s
team had proven the Jupiter booster was capable of orbiting a satellite after their first test launch
of 20 September 1956. To go with a completely new booster built by organizations not even experi-
enced in designing long-range missiles or boosters only because VANGUARD wasg “virtuous” was
a poor political and technological decision.

N8C Directive 5520 notwithstanding, ARDC was requested in August 1855 to establish a
scientific satellite program integrated with WS-117L (as a vehicle to satisfy IGY requirements,
by implication). In November 1955, after a short hold on the project, WDD was assigned respon-
sibility for a plan to use WS-117L prototypes for scientific satellites. By January 1956, WDD
responded with a proposal to orbit a 3,500-1b satellite by August 1958, using ARS {Advanced
Reconnaissance System) items, and capable of conducting a number of specific scientific experi-
ments. ATLAS C was to be the booster.

The WDD plan was not acted upon in 1956 by the committee because NSC 5520 still prevailed,
but in February 1957, OSD requested a USAF estimate of the U.S. capability to build a “backup”
scientific satellite for IGY use. The WDD response was that with the ATLAS program it might be
possible to conduct one or two maximum risk launchings during 1958. Again, however, the decision
was made not to tie the 117L to IGY needs. The ATLAS satellite (Project Score) was actually
launched December 1958, equipped to broadcast President Eisenhower’s voice in a Christmas '
message from space. But this was 14 months after Russia had stunned the world by successfully
launching into orbit the world’s first satellite, SPUTNIK I on 4 October 1957,
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POST-SPUTNIK “CATCH UP” ACTIONS—ARPA AND NASA ESTABLISHED

Decisions during this time were made against the backdrop of this stupendous Russian space
achievement. The impact on world opinion, U.S. public opinion, and congressional concern was
almost immediate. The shock that a backward Eurasian power could leapfrog the once mightest
technological nation to achieve a first in space was the general perception. Of more specific
concern was that the Soviets had a space booster which demonstrated not only the ability to place
objects in space, but also the capability to carry warheads to intercontinental distance. Any
attempts to belittle or minimize the significance of the 184-pound SPUTNIK I satellite were dis-
missed when on the third of November a second satellite, SPUTNIK II, was launched by Russia.
This satellite, weighing 1,120 pounds, placed an animal into orbit for the first time, the dog named
Laika. The location of ICBM sites in Russia would now become a highest priority task for the
intelligence community.

Prior to SPUTNIK, Headquarters USAF, together with Rand, AMC, ARDC, BMD, and WADC
had evidenced widespread interest in astronautics and had acquired a fairly sophisticated grasp of
its technology. On the other hand, at no level within the Government had there been a clear state-
ment of the ultimate objective of a space program, or a systematic evaluation of the widely varying
aims of the suggested projects. Clearly, government management must be structured with man-
dates to narrow and erase the “presumed” missile gap and space gap.

To meet this challenge the Secretary of the Air Force, James H. Douglas, called upon a
committee of distinguished scientists and Air Force officers headed by Dr. Edward Teller to
propose a line of positive action.

The first major organizational development came on 7 November 1957 when the President
added to the existing organizational structure by appointing Dr. James R. Killian as Presidential
Special Assistant for Science and Technology.

In the same month, the Secretary of Defense, Neil H. McElroy announced that to eliminate
the possibility of interservice rivalry over space he intended to create a special projects agency
to handle the research and development of satellites and other space related and advanced tech-
nologies for the DoD. General Schriever protested this decision to build a special projects agency
because the Air Force already had the capability to conduct operations in space. Nevertheless,
on 7 February 1958, McElroy established the Advanced Research Projects Agency (ARPA). The
new organization was headed by Roy W. Johnson; and contrary to the wishes of the Joint Chiefs of
Staff (JCS), he was authorized to direct the research and development projects within the Depart-
ment of Defense that the Secretary might assign to it.

In practice, ARPA would then reassign the projects on a contractual basis to the military
departments, other Government agencies, or civilian institutions. (Between 7 February and
1 October 1958, ARPA actually served as the national space agency.)

Also in November 1957, Senator Lyndon B. Johnson, the Senate Majority Leader, had opened
hearings on the apparent American lag behind the Soviets in military science and technology. In
the course of these hearings, one of the witnesses, von Braun, provided a solution to the apparent
funding arid advocacy problem that hampered the VANGUARD program. In his testimony to the
Senate committee, he suggested the creation of a national space agency, with a separate budget,
having the initial missions of putting a man in orbit and constructing a manned space station.

The Senate committee was impressed by von Braun’s proposals. Indeed, Eisenhower’s
science advisor, Dr. Killian, had also visualized a space program conducted primarily by a single
civilian organization. A civilian run space program would also complement President Eisenhower’s
statements made in January 1958, “that outer space be used only for peaceful purposes.”
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With the thought of a single civilian space agency in mind, the Bureau of the Budget, in close
cooperation with Dr. Killian and NACA, * drafted the legislation which later became the NASA Act.
Signed into law on 29 July by President Eisenhower, the Space Act of 1958 declared that the gen-
eral welfare and security of the United States required that adequate provisions be made for
aeronautical and space activities. The agency was delegated the responsibility to conduct research
on space and aeronautic activities except those primarily military in nature. Its charter was very
clear, to catch up with the Russians in space and missile technology.

N ASA was built from already existing organizations. At the core of NASA was NACA with
all its research organizations. Dr. John P. Hagen, the Director of the Navy-run VANGUARD
program with his 180~man VANGUARD operation and the Army’s Jet Propulsion Laboratory (JPL)
also became a part of NASA. A meteorological satellite program, the TIROS, and a modified Air
Force launch vehicle, the ATLAS-CENTAUR,were also legislated to NASA jurisdiction. The final
transfer requested by NASA was not approved until almost two years later. ABMA and von Braun’s
team of scientists and engineers—complete with all the facilities of the Redstone Arsenal—later
became part of NASA on 1 July 1966.

In the spring of 1958, shortly after its activation, ARPA, acting as the national space agency,
had organized its space projects into four programs: (1) Missile Defense against ICBM, (2) Mili-
tary Reconnaissance Satellites, (3) Developments for Application to Space Technology, and (4)
Advanced Research for Scientific Purposes.

In September 1958, shortly before the activation of NASA, ARPA redefined the Advanced
Reconnaissance System and broke it down into separate projects with different designations. The
reconnaissance aspect was renamed SENTRY. The vehicle tests, biomedical flights, and recovery
experiments were grouped together as DISCOVERER. The infrared sensing system became
MIDAS. In the last months of 1958, ARPA assigned those three projects to ARDC-AFBMD with
the usual contractual arrangements. At the end of June 1959, the Air Force was still without a
space program of its own, but was supporting a large part of the ARPA program and some NASA
projects as well. t

* As an aeronautics research agency since World War I, NACA (National Advisory Committee
for Aeronautics) had been very successful in its efforts to advance general and military aviation,
and thus enjoyed a fine working relationship with the military while still retaining its civilian
outlook.

t Space projects wholly or partly entrusted to AFBMD by mid-1959:

1. Discoverer 12. Willow

2. Sentry 13. S8pecial Testing

3. Midas 14. Centaur

4. 6-Hr Comm Sat 15. Saturn

5. 24-Hr Comm Sat 16. Manned Sat & Interceptor and Inspection
6. Deep probes 17. Geo-Astro-Physical Program
7. Transit Nav Sat 18. Hustler Engine

8. Tiros Cloud Cover 19. Aerojet 104 Engine

9. Courier Passive Army Comm Sat 20. Delta
10. HETS 21. Vega
11. Mercury (MIS)
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REKINDLING OF USAF INTERESTS IN SPACE

In the spring of 1959, widespread dissatisfaction with the progress made by the space pro-
gram led to changes in organization that were of substantial consequence. On 13 April 1959,
Headquarters USAF issued the equivalent of a charter that gave the Directorate of Advanced
Technology authority to coordinate within the Air Staff all USAF space activities.”

Still another change occurred on 9 November 1959 when DCS/Development redesignated the
Director of Advanced Technology as the Assistant for Astronautic Systems. The Chief of Staff
approved the shiff to “Assistant” status in December, but would not permit use of the term
“Astronautic Systems.”

In his new position, the Assistant for Advanced Technology had overall responsibility within
DCS/Development for policy guidance and program direction in the broad areas of ballistic mis-
siles or vehicles, ballistic missile warning and defensive systems, and vehicles and systems to
operate in space, including those for detecting and tracking.

Simultaneously with these USAF organizational changes, differences among the military
services came into the open. In the midst of these discussions ARPA recommended in June a
MERCURY Task Force to assist NASA, and the Secretary of Defense requested JC8 advice in
assigning operating responsibilities for several projects, including MIDAS and SENTRY—the
latter soon to be redesignated as SAMOS. In the months that followed, the services held their
positions. The Army and Navy wanted a Mercury Task Force and a Defense Astronautical Agency
to control the space systems. The Air Force objected to both.

TRANSFER OF SPACE ACTIVITIES TO THE SERVICES

In September, the Secretary of Defense made three important decisions. He disapproved
the proposed Defense Astronautical Agency. He terminated the move for a MERCURY Task Force,
but as a substitute selected Major General Donald N. Yates, USAF, Atlantic Missile Range com-
mander, to “direct military support” for the project. And finally, McElroy reversed his established
policy on ARPA by dividing the military space program among the three services. Under this
arrangement, MIDAS and SAMOS were marked for the Air Force, although formal transfer did not
follow immediately. Likewise TRANSIT, a more recently planned navigational project, would go
to the Navy, and a NOTUS family of four communication satellites to the Army.

The actual transfer of SAMOS and MIDAS occurred in late November 1959. ARPA also
relinquished Project DISCOVERER to the Air Force, something not mentioned in the September
decisions.

The funding decision and allocation process for the space program for fiscal years 1958-
1960 was very complex. Since SPUTNIK came early in the fiscal year 1958, appropriations were
already in effect, and adjustments were difficult.

Although the Air Force had long entertained space plans up to October 1957, little hard
money had been allocated to the projects. The budget for fiscal year 1958, which had come into
effect three months before the advent of SPUTNIK, allocated $65.8 million to the Advanced Recon-
naissance System (as compared to $13.9 million the previous year) to make up the lion’s share of
an approximate total of $70 million for space and near-space.

In January 1958, three months after SPUTNIK, when the Air Force presented its first sys-
tematic plans for a space program, Headquarters proposed that an extra $155 million to be added
to the original $70 million to make a total of $225 million for fiscal year 1958. The emergence
of ARPA changed all these hopes. Beiween March and October 1958 all the true space projects
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of the Air Force, together with funds, passed either to ARPA or NASA. Consequently, the USAF
budget allocation to near-space and space projects for fiscal year 1959 fell to a mere $8.7 million.
About half of this sum was allocated to DYNASOAR* and BRATS,t and the remaining $4.7 million
to space studies and lesser items. For fiscal year 1960 the total fell again, this time to a paltry
$2.2 million,

In the fiscal year 1959, however, ARPA reassigned nearly $300 million to ARDC for work
on the Advanced Reconnaissance System and its subsystems, and for applied projects. In the
same year, ARPA reassigned $64 million to the Army and $24.9 million to the Navy. But all was
not to be smooth sailing from an organizational sense.

At the beginning of February 1960, USAT research and development covered the whole range
of space subjects from exploratory research to system development; but it was being done under
the sponsorship of ARPA, a fact that galled many at the time. ARPA enjoyed almost complete
freedom in deciding which military requirements, stated by the services, would be pushed,
combined, or ignored.

The projected removal of ARPA from the space field, announced in September 1959, served
in large part to settle this issue; but it did not alleviate the tight control which continued to be
exercised by OSD agencies. Balancing influence and decision making between civilian and military
officials was also a problem within the OSAF-Air Staff complex itself. In October 1959, Secretary
of the Air Force James H. Douglas directed that all space actions be taken “within the framework
of the AFBMC (Air Force Ballistic Missile Committee),” concentrating decision making preroga-
tives in civilian hands and reducing air staff participation.

In February 1960, Dr. H. York approved the shift to the Air Force of a major segment of
ARPA’s space study and component development program.

The Air Force divided the space development effort in 1960 into three major areas. The

first, pure studies, sought new ways of doing military jobs and outlined possible system approaches.

The second included applied research for the purpose of developing techniques that provided essen-~
tial ingredients for future systems. The third area, system development, was the final goal, the
last step in the study-research-development process to meet requirements stated years earlier.

Throughout the year, planning and programming for the SAMOS Reconnaissance Satellite,
the MIDAS Early Warning Satellite, and the DISCOVERER Research Satellite were lumped together.
The three had grown out of a proposal partially outlined as early as 1946 and established as a
system development 9 years later.

U-2 “SPY PLANE” INCIDENT CLOSES RUSSIAN SKIES

As mentioned earlier, the U-2 “Spy Plane” had been ranging over much of the world since
1956. The advantages to be gained from overflights were dramatically emphasized by the intelli-
gence the U-2’s were bringing back. As the need for information grew, the flights into Russia
became longer and longer until it was decided to make one way trips across the Soviet Union from
Peshawar, Pakistan ‘But on the first of the one-way flights attempted,
the U-2 piloted by Francis Gary Powers was shot down by a surface-to-air missile near Sverdlovsk
on 1 May 1960.

*DYNASOAR (Dynamic Soaring): Proposed manned vehicle employing boost-glide principles.
+ BRATS (Ballistic Research and Test Systems): Formerly the Ballistic Systems Research
and Supporting System (BALWARDS).
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Upon this politically delicate event, President Eisenhower declared the Soviet Union off
limits to overflight by airplanes. Although the U-2’s had been overflying communist countries
for several years, a large fraction of Eurasian landmass had yet to be photographed even once.
To the general public the President’s decree may have seemed to end all chances for continued
American aerial surveillance of the Soviet Union. Yet, in reality, terminating the U-2 overflights
was to bring stronger emphasis on the attractiveness and urgency of developing the satellite
reconnaissance concept.

ESTABLISHING THE NRO AND SAFSP

During the Spring of 1960, Congress became intimately involved in SAMOS-MIDAS progress.
In light of the U-2 incident, Congress called for the rapid development of both space systems, and
voted sums of money far in excess of the administrations’s request for fiscal year 1961. Never-
theless, uncertainties and indecision on the technical and budgetary aspects of SAMOS and MIDAS
continued to affect planned operational dates for these two space programs.

In mid-1960, there was concern over the delays that were resulting from multiple layers of
management. The urgency surrounding the proliferation of space programs seemed to call for a
new management approach.

As various government organizations searched for a way to eliminate some of the multiple-
role frustrations of past decades, it was decided that the best approach to getting a streamlined
operation in being was to have direction for such a plan emanate from the President.

Under panel discussions involving President Eisenhower’s Science Advisory Committee and
the Air Force, an administrative arrangement was seen whereby various echelons of management
would be bypassed leaving program development directors reporting directly to a new National
Reconnaissance office (NRO) within the office of the Secretary of the Air Force. It was visualized
that the organization should have a clear line of authority, and at top level direction should include
OSD and CIA, and not just the Air Force.

Following several meetings and discussions in preparation for the National Security Council
(NSC) briefing on this subject, the panel made their recommendation in a formal briefing on
25 August. The President and the Secretary of Defense Thomas S. Gates, Jr. agreed that this
should be the arrangement, i.e., that the line of command should be directly between the program
development directors and the office of the Secrefary of the Air Force. From instructions which
followed, the Secretary of the Air Force issued orders on 31 August establishing:

a. A Director of the SAMOS Project at AFBMD as a field extension of the Secretary’s
Office, responsible to and reporting directly to the Secretary, and

b. An Office of Missile and Satellite Systems (SAFMS) within the Secretary’s staff, to
assist him in discharging his responsibility for the direction, supervision, and control
of the SAMOS Project.

Brigadier General Richard D. Curtin was designated as Director of SAFMS. Brigadier
General Robert E, Greer was designated as Director of the SAMOS Project, * with additional duty
as Vice Commander for Satellite Systems, AFBMD, ARDC, with duty station at 2400 E. El Segundo
Boulevard, El Segundo, California.

*The SAMOS Project was later renamed SAFSP (Secretary of the Air Force Special
Projects).
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SPACE ACTIVITIES 1958-1960

Despite organization and policy confusion during preceding years, by 1960 the United States
had made noteworthy contributions to space science by orbiting satellites in major fields of
interest: scientific; communication; weather; navigation; and reconnaissance. Some successful
launch events in these specific fields are summarized for brevity:® *

a. The first U.S. satellite, EXPLORER I, launched on 31 January 1958, discovered Van Allen
radiation in space.

b. The second, a 6-inch ball, VANGUARD I launched into a 400- plus mile orbit on 17 March
1958, discovered that the earth is pear shaped. -

¢. Project SCORE on 18 December 1958 broadcast the first voice transmission from space,
a Christmas message from President Eisenhower.

d. VANGUARDII, on 17 February 1959, was the first satellite to send weather information
back to earth.

e. On 13 April 1959, the second vehicle in the DISCOVERER Program (later to become the
CORONA Program) was successfully launched and orbited for 17 revolutions; however,
a timing malfunction precluded successful recovery of the Satellite Recovery Vehicle
(SRV).

f. On T August 1959, EXPLORER VI mapped the Van Allen Radiation.

g. The first navigation satellite, TRANSIT 1B, was launched on 13 April 1960,

h. Then came TRANSIT IIA on 22 June 1960, carrying Canadian-built instruments to
measure radio interference in space. This satellite also carried GREB I the first
SIGINT satellite. This was a combined Navy/NSA effort.

i. On 12 August 1960, ECHO I, the first passive communication satellite was launched.

j. The very first recovery of an object from an orbiting satellite was made by the United
States on 11 August 1960. This was the SRV from DISCOVERER XIII, the thirteenth
vehicle in the DISCOVERER exploratory launch series which had begun on 21 January
1959,

These successes were due largely to the ingenuity of individuals in the armed services and
Government organizations, and the industrial scientists who devised miniaturized instruments to
fit the small payload capacity of then available rocket boosters.

In addition to orbiting earth satellites, the United States and Russia were both shooting
rockets into outer space. Early in 1959, first Russia and then the United States launched probes
that escaped earth’s gravity. Russia’s LUNIK I and the U.S. PIONEER IV, aimed at the moon,
zoomed past the moon but went into orbit around the sun as the first man-made “planetoids.” In
September 1959, Russia launched LUNIK II, and 33 hours after the launch the probe crashed to
the moon’s surface.

*A broader view of early U.S. and Russian launches is provided in Table 1-1. This list,
extracted from a TRW Space Log, has been limited to the period deemed appropriate at this point
in the report. Also, Fig. 1-2a and 1-2b show examples of boosters, as viewed in 1959, and the
Lockheed Standardized AGENA which has been used extensively in satellite programs.
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Russia’s LUNIK III, launched 4 October 1959 photographed the dark side of the moon.

PIONEER V, launched 11 March 1960, transmitted information on conditions more than
22,000,000 miles in space.

Then, on 20 July 1960, demonstrating a new method of weapon deployment, the Navy’s
POLARIS was successfully launched from a submerged nuclear-powered submarine.

Man in space did not come until 1961. On April 12, 1961 Russian cosmonaut Yuri Gugarin
made a single orbit around the earth. The American astronauts, Alan Sheppard, on 5 May 1961,
and Virgil Grissom, on 21 July, rocketed to a height of 117 miles in 300-mile-long suborbital
flights. Then Russian cosmonaut Gherman Titov orbited the earth 17 times on 6, 7 August 1961,
The first American astronaut fo orbit the earth, John H. Glenn, Jr. made three orbits on
20 February 1962.
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CONFIGURATION SUMMARY
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EARLY SATELLITE SYSTEMS

PREFACE TO EARLY SATELLITE SYSTEMS

The early satellite programs covered in this section (SAMOS, CORONA, GAMBIT, etc.) are
addressed one program at a time. This is done deliberately in the belief that this approach will
help first-time readers to follow the development and operational periods of each program, rather
than bringing them along together and switching back and forth from one to another. But before
reading this section, it is important to understand that the early programs did not come along in
a neat sequential order so that their problems could be dealt with one at a time. As the charts
and tables immediately following show, many of these programs were going on concurrently and
were therefore interrelated from management aspects of technology, security, and budget.

Also, it is important to have some perception of the complications of the times we are
talking about. In the preceding background section, it was seen that gradually over a period of
years progress was made in simplifying Government management for the satellite reconnaissance
programs, culminating in the establishment of the National Reconnaissance office.

Yet, this “ideal” arrangement did not mean that it would be easy to fulfill two prime objec-
tives: first (with some programs already in development) to determine the kinds of reconnaissance
systems the nation really needed, and second, {o provide some sort of cover or security for what
our real capabilities were. Many people had by now seen the potential of satellites for reconnais-
sance, so there were various pressures brought by various groups to get business started in their
particular fields of interest.

In this science about which little was known at the time, it was necessary to develop a new
capability in groups of people, and build facilities peculiar to new requirements wherein the new
devices could be built, tested, integrated, launched, controlied on orbit, and recovered. It was
necessary to develop an expertise that was going to be very important for the future, and yet to
keep the activity in bounds so there wouldn’t be a neediess expenditure of funds.

It was obvious that the potential here was enormous and would require trained personnel,
with motivation to keep them in the business so as to become “experienced” personnel. If all we
had were people on one program, that would be inadequate, because the programs were to become
bigger. We had to get people familiar with the technology, trained in the kinds of problems that
would be involved and working on some real things, things that they considered important, and
potentially could be important, in other words that could produce technological developments and
ideas that had merit.

Competitive approaches were seen as a way to get better products in these new fields of
endeavor, and by doing it early in the game it would not be all that costly. This had as its justi-
fication the development of experience, the training of personnel, testing out of new techniques
and ideas, but without the requirement that it all had to jell at a particular time and produce a
particular result.

In turn, this created a very difficult and frustrating working environment. There were very
few who were really cognizant of a total activity, and persons who were involved in one particular
facet of the business were in many cases completely unaware that there was another activity
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proceeding along similar lines. Thus, when decisions were made to modify, stretch out, or, in the
extreme case, cancel a program that was showing great potential, it appeared to the uninformed
that management was making irrational decisions. Such cases will be seen in this section, e.g.,
the LANYARD (KH-8) was a backup to the GAMBIT (KH-7) and was cancelled when the KH-7
performed satisfactorily on its first mission, and in another case, when the SAMOS E-6 program
could no longer provide cover for the more desirable GAMBIT (KH-7) because of configuration
differences, the E-6 became the pawn.

But competition was not always the most productive approach, particularly when it was in
the form of interservice rivalry. You will read about two early mapping cameras which came
about as the result of Army and Air Force arguments over roles and missions. These systems,
the Army ARGON (KH-5) and the Air Force SAMOS (E-4), starting about 2 years before the NRO
was established, took on some of the interservice complications in their evolutions. Had there
been some sort of a national set of objectives in position earlier, a program could have been
created that would have been better and would have provided both the Army and Air Force a more
efficient way than the development of a competitive approach.

In the following discussions of early satellite programs, the intermix of program names
and KH numbers, together with the overlapping time frames, would most certainly be difficult for
first-time readers to follow without some measure of background and reference. To that end, a
summation of pertinent program/system data is provided at this point for orientation and reference
(see Tables 1-2 and 1-3). Also, immediately following, is a graphic study of the learning curve
associated with these programs (refer to Figs. 1-3a and 1-3b). The ultimate goal, of course, was
total operational success, mission after mission, but total success was not to come instantaneously.
While one community was focusing on the high priority payloads, other circles were concentrating
equally on other subsystems and functions which were also vital to program success, e.g.,
airframe, propulsion, vehicle internal electrical systems, guidance and flight controls, ground-
space communications, and ground systems performance (including the launch complex, tracking
stations, telemetry ship, Hawaiian Control Center and Recovery Force). In the early phases,
systems were launched frequently and missions were short (1 to 4 days). It was the opinion of
the BMD Commander, Brig, General Osmund J. Ritland, that the way to achieve early success in
the DISCOVERER Program was through frequent flights. He believed that the real payoff in
learning “what to do” would be proven in flight tests, and that in this initial phase of developing
a space capability, it was better to suffer some embarrassments on end results than to have a
stretched out “no action” program. As these developmental flights were in process, however,
he was deeply concerned that more publicity was being given to failures than to the successful
“firsts” being achieved, such as: placing in orbit an earth oriented and stabilized 1,700-pound -
satellite; achieving a maneuverable satellite using airborne programs and even ground-commands
in orbit; and setting up and operating a world-wide communications and control organization,
including recovery task forces, where no previous programs had even plowed the ground. But
catastrophic failures became less and less frequent, and virtually disappeared as experience in
space technology grew, as shown in Fig. 1-3b, From technological advances in both hardware
and software, missions were stretched longer and longer, thus fewer launches were required
each year to acquire the desired coverage.

For those who would like to go beyond the brief accounts of the early satellite systems
presented in this document, two sets of reports are highly recommended: “A History of Satellite
Reconnaissance,” Volumes I through IIIB prepared by Robert Perry under direction of the NRO;
and “CORONA Program History, Volume I, Program Overview,” produced by the Directorate of
Science and Technology, Central Intelligence Agency. These historical documents were used
extensively in preparing the program summaries that follow,
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THE SAMOS PROGRAMS

As late as March 1958, WS-117L embodied concepts of a “pioneer” system built around a
6-inch {focal length) lens, and an “advanced visual” system embodying a 36-inch lens as the basic
data gathering devices. Both infrared and electronic collectors were being considered by that
time, but the chief emphasis remained with visual modes.?

The pioneer of the visual reconnaissance “E”* subsystems (Fig. 1-4a) in the WS-117L family
(Fig. 1-4b) was intended to provide in-camera definition approaching 100 lines per millimeter,
based on an £/2.8 lens in combination with a very fine grain film. Orbital operation was predicated
on the assumption that the camera system would function for 5 minutes during each pass over the
“area of interest” and that on subsequent orbits three receiving stations within the continental
United States would “read out” the intelligence thus acquired. (The stations were to be located at
Fort Stevens, Oregon; Ottumwa, Iowa; and New Boston, New Hampshire. Offutt Air Force Base was
to be the satellite operations control center.) It seemed probable that an efficient processing and
dissemination complex would permit at least 10 percent of the derived intelligence to reach the
central analysis station within 1 hour of its receipt and the remainder within 8 hours., The Strate-
gic Air Command wanted an eventual “near real time” system, of course, hoping to use it for
attack warning as well as general intelligence, Each of several vehicles to be aloft simultaneously
was to have a useful time on orbit of 10 to 30 days, limited principally by battery life, The initial
system (E-1) (Fig. 1-5) was designed to permit identification of ground objects measuring 100 feet
on a side, The “advanced” E-2 (Figs. 1-6a and b) was to produce images that would permit “visual
resolution” of objects 20 feet on a side and was to have a potentially long orbital operating life—
assuming the availability of either solar or nuclear power sources. Functions and characteristics
of the E-2 system were:

Functions:

1. Photographs ground from 300-mile altitude with payload camera

2. Processes photographic film in processor

3. Converts information in photographic image to electrical signal in readout equipment
4. Provides data to telemetry link

5. Provides a pressurized housing with trunnions for oblique and stereo operation

Characteristics:
Ground resolution 20 feet
Ground width coverage 17 miles
Maximum obliquity angle 26 degrees
Stereo convergence angle 34 degrees
Ground coverage per day 55,000 square miles
Film consumption per month 10 pounds
Operating life 4 months
Readout bandwidth 6 megacycles/sec
Weight 950 pounds
Length 67 inches
Base diameter 55 inches
Average power consumption 50 watts

*The letter designator assigned individual WS-117L subsystems had the following basis:
Subsystem A—-airframe; B—propulsion; C—auxiliary power; D-—guidance and control; E—visual
reconnaissance; F—electromagnetic reconnaissance (Ferret); G—infrared reconnaissance (later——
Midas); H—communications; I—data processing; J—geophysical environment; K~—personnel;
L—biomedical recovery. The E designators ultimately ran from E-1 through E-6; the F desig-
nators through F-4,
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One key to a useful readout system was a raw data processing subsystem which would include
the equipment, techniques, and procedures to transform recorded raw data into intelligence, and to
disseminate it to using agencies. Ground receiving stations, therefore, would identify, record,
and retransmit information to an “Advanced Reconnaissance System Intelligence Center” (pre-
dictably dubbed “ARSIC”). The Intelligence Data Processing Subsystem (“IDPS”—later Subsystem I)
was to be capable of performing all functions needed to transform the raw data into useful intelli-
gence: processing, screening, interpretation, collation, evaluation, indexing, storage and retrieval,
analysis, display, dissemination, and presentation.

The orbital vehicle (the upper stage and payload sections) was to be 19 feet long and 5 feet
in diameter, was to carry a 2,680-pound payload and, including 5,080 pounds of propellants, would
weigh 9,300 pounds at launch. The somewhat loosely defined operational concept of March 1958
anticipated that ultimately each of several E-2 satellites simultaneously on orbit would have a
useful life of one year and be capable of providing 17-foot ground resolution,

Spot surveillance of selected targets rather than general reconnaissance was the objective
of the development program. Surveillance of this nature was intended to provide advance warning
of an imminent attack, a concept emphasized by application of the name SENTRY to WS-117L in
June 1958, Unhappily, concept had little relevance to reality. Although a camera and readout
system that could actually resolve 17 feet on each side would be capable of locating and identifying
intercontinental missile sites, the total satellite system was incapable of such precision. More-
over, within the existing state of the art, the capacity of the system to scan and transmit images
to ground stations was severely limited.

Even though electronic transmission of photographs to ground receiver degraded definition,
the chief objection to readout was that relatively little coverage could be provided each day.

The readout technique that had evolved by 1958, and which was refined but not radically
changed during the next two years, embraced a strip camera subsystem loaded with 4,500 feet of
70-millimeter film. The film moved past a slit aperture which served as a shutter, at a rate
determined by image motion compensation settings. (The “slit” was actually a line scribed
through the aluminum coating on a glass plate.)

Once exposed, the film was pressed against a chemically impregnated web at intervals over
a period of approximately 16 minutes, The pre-soaked web contained all the necessary developing
and fixing ingredients, After completing the processing stage, the developed film went to a
storage section—a series of loops which held it in readiness for later scanning and transmission.

The readout mechanism consisted of a revolving drum line scan tube, a scanner lens system,
a light collector lens system, a photomultiplier tube, and a video amplifier. An electron beam
which focused on the phosphor-coated inner surface of the revolving drum was emitted through an
optically flat window, the light beam going through a scanning lens that was moved vertically by a
motor-driven cam. The lens moved the spot of light across the width of the processed film as the
film moved laterally through a readout gate. The beam motion had the shape of a square wave,
permitting continuous top-to-bottom travel rather than returning to a zero point for each scan
operation, That portion of the beam which passed through the film was collected by another lens
system capable of relaying 15 percent of the transmitted light to a photomultiplier tube which
transformed the light energy into electronic signals, After passage through a video amplifier,
those signals were relayed to the satellite’s communication equipment sectlon for transmigsion
to the ground stations (see Fig. 1-17).

Image motion compensation, exposure control, and focus factors were set by command from
a ground station. Attitude recording, a key factor for interpretation, was provided through inscrip-
tion of a binary code on the edges of the film.
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Fig. 1-7 — E-2 payload-functional schematic
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The process, though complicated, could be performed by existing or available techniques
and equipments. Limiting technical factors were the speed and width of the scanning beam,
governed by bandwidth (megacycles per second) considerations. Unless traveling wave tubes could
be incorporated in the system—and nothing suitable was available either in 1958 or three years
later—the usable bandwidth was but 6 megacycles per second. Even though E-1 and E-2 systems
were designed to limit their coding to white, black, and one gray scale, the scanning beam could
travel across the width of film only once each second. The beam spanned only one-tenth of an inch

of film during each transit. A complete scanner-beam pass—bottom-to-top-to-bottom—required

2 seconds, The transmission, readout, and reconstruction process transformed the signals from
each such path into an 18-inch strip of 35-millimeter film in the ground station, Seven such
strips, halved and realigned to conform to the pattern of the original film, could be reassembled
into a single print measuring 9 inches along each edge.

Long before flight trials could be atfempted, the limitations of the readout technique were
well appreciated. On the assumption that a ground station could receive fully useful information
for 8 minutes during each of five daily passes of the satellite within its reception range, it was
apparent that each station could accept no more than 62 individual frames representing 16,740
square miles of target area each day. (An early CORONA system could scan 1.5 million square
miles each day.)

Such considerations influenced the transformation of basic requirements in the period
between March and September 1958. By that later date, Air Force headquarters had clearly
indicated its desire that “consideration” be given to the use of a recoverable satellite in order to
achieve maximum accuracy, information content, reliability of receipt of collected data, and reuse
where economically feasible. Nevertheless, the stated objectives of the program were focused on
early warning of attack, the collection of general intelligence, and support of the nation’s emer-
gency war plan. The use of satellite reconnaissance to assist in determining the war potential of
the Soviet Union remained a secondary goal. Readout, even with its acknowledged limitations,
still seemed the best means of satisfying the requirements,

Administration of SENTRY through the closing months of 1958 was complicated by the fact
that the Advanced Research Projects Agency (ARPA) had custody of program funds and exercised
a directive authority over the fechnical content of the effort. Although ARPA Director R. W.
Johnson in mid-December 1958 had approved a new three-phase approach that included film
recovery as well as Ferret and readout payloads, the research agency continued to press for the
inclusion of an electrostatic tape readout system (later the E-2). Indeed, ARPA came to advocate
cancellation of all other visual programs in favor of reliance on electrostatic tape methods.

Lockheed stated the case for an E-3 in a proposal dated 29 July 1959, Apparently proceed-
ing on the reasonable premise that ARPA’s predilection for readout would prevail over Air Force
preferences, Lockheed painted the theoretical advantages of the E-3 in highly attractive colors.
The contractor noted that E-2 technology was based on pre-1959 concepts and that the “recent
addition” of a requirement for 5-foot visual reconnaissance had prompted attention to state-of-
the-art improvements. In Lockheed’s opinion (at least, in its 29 July 1959 opinion!), “an all-
electronic approach would provide the highest possible performance in the earliest time period at
minimum cost,” Noting that the “technical feasibility” of electronic tape systems had been proven
under Aeronautical Research Laboratory (Wright Air Development Center) contracts, Lockheed
cited the availability of 100-line-per-millimeter definition (12,200 television lines for a 61-
millimeter-square format!) and equivalent sensitivity of ASA 145 [standard reconnaissance film had
an aerial exposure index (AEI) of 2 to 5], and a readout system substantially more simple than that
of the E-2. The image was to be recorded on photoelectric-sensitive electrostatic tape, read out
by deflecting the modulation of an electron beam to scan a portion of the tape, and the view signal
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amplified and then applied'as a modulating signal for transmission to ground stations. A band-
width of 12 megacycles per second was required (tubes had to be developed also) to provide a
readout time of 8.7 seconds per frame. In such terms, ARPA’s interest was entirely understand-
able.

Following further deliberations over requirements and funding, resulting in, among other
things, the approval of the E-5 recovery system, the Air Force Ballistic Missile Committee took
a hand, instructing BMD to submit a program that emphasized photography rather than Ferret

subsystems and which clearly concentrated on recovery rather than readout data retrieval methods.

One immediate consequence of the redirection was to eliminate some effort covered by existing
contractors. Included in the termination package that BMD and Lockheed worked out early in
December were all of the very advanced readout programs—E-3 and F-4 (a Ferret package
development comparable to the E-3 in complexity and technical uncertainty).

When the SAMOS project finally became the direct responsibility of the Secretary of the
Air Force, it included three photographic subsystems and one ground based subsystem that
stemmed directly from the original WS-117L program. Others were pending approval, but only
the E-1 and E-2 readout systems, Ferrets F-1 and F-2, and the E-5 recovery system were funded
and in a hardware stage. Associated with the airborne was the ground-site complex of receiving,
processing, storage, and dissemination equipment that was known as Subsystem I (eye).

As it happened, the period of SAMOS reorientation during the spring and summer of 1960
coincided with the climax of E-1 development, which had begun in 1956, Eastman delivered the
first camera payload to Lockheed on 15 April and Lockheed completed its system test of the
Agena plus payload on 3 June. The payload included both an E-1 and F-1 Ferret subsystem. By
September, the Agena-payload complex was mated with an Atlas booster at Point Arguello, and on
11 October it was launched amid considerable fanfare that included elaborate press conferences
and a large audience of cameramen. *

The launching went well enough to please photographers, but program people were less than
happy. The umbilical connection failed to release at launch and the hefty push of the Atlas booster
tore away the nitrogen fill line—~complete with couplings to the Agena—when the hoses reached
their physical stretch limits. Although the Atlas operated perfectly and the separation of the
Agena from the first-stage booster occurred as programmed, nitrogen had been venting freely into
the atmosphere through the entire boost period and the tanks were, for practical purposes, empty.
Attitude stabilization depended on gas—and there was no gas. The Agena’s engines ignited while
the vehicle was improperly aligned for injection into orbit—and the flight was over. Investigation
revealed that test base personnel had failed to install a half-inch assembly that should have joined
the umbilical to the quick-disconnect fittings.

Between January and August 1960, redirection of the SAMOS program had caused elimina-
tion of five of the original eleven scheduled readout flights; only three E~1/F-1 and three E-2
payloads had been authorized. One of these was eliminated in early November, leaving only five
readout payloads in the launch schedule.

* A few days prior to the scheduled launch date General Greer had taken the precaution to
assemble a small group of his immediate staff—management, security, and technical-for a
pseudo press question and answer session.
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During the period between the first and second E-1 launches, Subsystem I was cancelled.
Large among the reasons for ending the development was cost, the technical difficulty of develop-
ment having been sadly underrated. For an input of nearly $50 million, the Air Force had obtained
a semi-obsolescent lot of partially developed equipment tied to an abandoned concept. In the final
analysis, Subsystem I had been designed to satisfy the pre-~1960 requirements for early attack
warning; the shift of emphasis from surveillance to reconnaissance in July 1960 had doomed the
development, although full appreciation of that circumstance was not widespread.

Although there could be heard strong recommendations to cancel all readout programs at this
point and place full emphasis on recovery, empirical evidence remained the best basis for a judg-
ment on program validity and, in the absence of flight data on which to base a finding, the cancella-
tion of the E~1 program might prove difficult to defend.

By early January the second vehicle was on the stand and had been checked out. At that
point a new complication arose. Negotiations with the Soviets for release of two imprisoned
members of an RB-47 crew were approaching a climax; the newly installed Kennedy administration
was extremely anxious to establish an early record of diplomatic achievement by getting agreement
to the crew’s return. In mid-January, with the E-~1 on the pad and ready, General Greer received
urgent encrypted instructions to delay the scheduled launch by some plausible subterfuge until the
freed crew could actually be returned to American custody.

Following release of the Air Force crewmen, the second SAMOS vehicle (2102) was
launched, on 31 January 1961. Like the first, in October, it carried a composite E-1/F-1 payload.
This time the orbital vehicle was placed into a stable orbit having a period of 95.2 minutes,
perigee of 260 miles, an apogee of 311.6 miles, and a nominal life expectancy of 1,130 days. The
vehicle successfully relayed information to the readout station at Sunnyvale,

On 3 February, Colonel William G. King, SAMOS Program Manager at SAFSP, took the first
analysis of flight results to Dr. J. V. Charyk, Undersecretary of the Air Force. An assembled
photograph was available which indicated that the ground resolution of the system was roughly
what had been anticipated, about 100 feet. Although the hand-processed pictures were relatively
good in terms of original system requirements, the system itself did not promise much in the way
of eventual utility. There seemed little justification for altering the premise of the previous
8 months—that the E-1 would be tested to prove out the feasibility of the in-flight processing,
transmitting, and readout equipment. Charyk agreed that the relative success of the 2102 vehicle
was sufficient proof of E-1 system feasibility; he approved General Greer’s recommendation
that the third of the programmed E-1 flights be cancelled and the equipment stored for some
possible future application.* They also agreed to let the scheduled E-2 flights remain in the
program for the moment, although again it was apparent that once a set of returns had been
received there would be no real justification for further continuance of the E-2 program.

*There was one additional, almost afterthought, aspect to the E~1 program. In April 1961,
representatives of the National Aeronautics and Space Administration (NASA) contacted Dr. Charyk’s
office to ask permission to examine and use E-1 technology in their own programs. It seemed
possible for a time that the physical products of the E-1 development might actually find their way
into a moon vehicle and, later, actually did in NASA’s Lunar Orbiter. One stimulant was the
obvious parallel between E-1 equipment and techniques and the devices used by the Soviets to
photograph the back surface of the moon in Qctober 1959.
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On 19 April, the third E-2 vehicle-payload was cancelled. Another significant change came
in July when a succession of payload, tracking net, and booster difficulties forced postponement
of the scheduled launch of the first E-2.

On 9 September 1961 the initial attempt to orbit an E-2 payload ended in an awesome launch
pad explosion. Loss of electrical power caused the Atlas to drop back on the pad less than 2
seconds after lift off. The E-2 payload was destroyed in the resulting blast and fire, (The Atlas
failure was caused by a delay of 0.2 second in disconnecting the umbilical that carried the signal
from external to internal electric power.)

The remaining E-2 flight test vehicle (2121) faced a problem of crowded launch pad schedules,
After weighing the prospect of a major malfunction and the clear evidence that basic subsystem
performance had been adequately demonstrated in the single E-1 flight, Charyk and Greer decided
not to launch the second E-2 vehicle. On 30 September the contractor was instructed to remove it
from flight readiness processing and put it in bonded storage. For all practical purposes, such
action concluded the original readout oriented SAMOS program.

i
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The E -4 Mapping Satellite (Program 1A)'

Note: It was disappointing that a record search did not produce any
photographs or artist concepts of this system.

Development of a mapping and charting satellite had been a cherished Air Force dream for
at least two years before SAFSP inherited the mantle of satellite reconnaissance responsibility—
but progress had remained in the dream categoryl® The requirement had been defined in September
1958, although considered abstractly even earlier. By the following January the notion had been
translated into a proposal for a recoverable capsule system capable of taking pictures with high
geometric fidelity and correlating them with the products of a steliar image recording camera.
Called E~-4, the proposed system was considered a companion to the E-5 surveillance system
then being defined. Although the Ballistic Missiles Division and the Air Research and Development
Command heartily favored starting development, even seeming to prefer the E-4 to the E-5, the
Air Staff was never more than lukewarm. In part because highly influential intelligence officers
withheld firm support, the E-4 tock shape as a somewhat tenuous development which was in direct
competition with a proposed ARPA-sponsored interim mapping system and with the ARGON
system being covertly developed under Army auspices. In May 1959, ARPA directed the Air
Force to cancel work on the E -4 mapping camera program. Most contracts were dropped the
following month, although the Photographic Laboratory at Wright Field continued to fund related
camera developments without calling much attention to the effort. The cancellation came, some-
what disconcertingly, on the day that Lockheed finished the initial version of the development
plan.

On 18 October 1960, Major C. E. James of the newly organized SAMOS Washington office
(SAFSS) met with Dr. Charyk to discuss geodetic and mapping satellites. He brought the Under-
secretary up o date on the status and prospects of ARGON and then explained that the Air Force
had a camera known as the “412” (actually the applied research development undertaken upon
formal cancellation of the E-4 camera) which represented the logical follow-on to ARGON. Two
were scheduled for completion by early 1961 and long-lead-time provisions had been made to
purchase seven more. In James’ opinion, the system represented the best that the existing state
of the art could provide. He advised Dr. Charyk that the camera system could be readied for
flight in an E-5 capsule by August 1961. (By using the considerably greater thrust of an Atlas
booster, the E-4 avoided design compromises inherent in the Thor-boosted ARGON.)

The E -4 had other attractions. It promised new avenues for the future, seeming to be
adaptable to evolution toward a long term objective defined in September 1960 by the National
Security Council.* Moreover, an E-4 program under SAFSP auspices would eliminate any need
for continuing the cumbersome ARGON management complex, which then inciuded the Army Mapping
Service, the National Photographic Interpretation Center, the Central Intelligence Agency, and the
West Coast ARGON office. Finally and most important, E-4 promised better results than ARGON.

Convinced, Charyk authorized BMD-WADD (Wright Air Development Division) organizations
to plan for early inclusion of the 412 camera in the SAMOS program. For the moment, he withheld
any authorization to schedule use of the 412,

* Although the evidence is not entirely clear, it would appear that a discussion of mapping
satellites during the September meeting of the National Security Council touched off Charyk’s
interest,
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Although Charyk and his staff were relatively enthusiastic about the prospects of the E-4,
neither General Greer nor Colonel King looked on it so favorably. Conceding the feasibility and
general desirability of an E-4 system,* they nevertheless questioned the wisdom of substituting
a mapping satellite for any of the E-5 payloads then on schedule,

Charyk, who thought less highly of the E-5, directed in December that the mapping camera
be integrated in the total SAMOS effort as soon as possible and that the existing contracts be
expanded to provide for three flight cameras, two test articles, and four follow-on models. (That
total matched the figure of nine that Major James had described as “available” two months earlier).
Flight hardware (Agenas and equipment) for three flights was to be purchased or transferred from
other sub-programs. The booster problem was to be solved by using Atlas boosters made available
by the decision to fly F-2 (Ferret) subsystems atop Thors, and the matter of inserting E-4's into
the tight schedule of E-5 and E-6 flights was accomplished by slipping the entire sequence of shots.

Instructions and guidance along such lines came into General Greer’s complex gradually,
over a period of several weeks. Late in December 1960, Greer concluded that the net effect of
redirection involving the E-4 and the F-2 had been to create two additional SAMOS technical
programs. He cautioned Charyk that “nothing comes free in this business.” Manpower and dollar
increases were inevitable if the directions were carried out. The E-4 program promised to be
particularly costly, he warned, since the implication of earlier directives was to give the E-4
precedence over both the E-5 and E-6. Greer was certain Charyk had not intended that result,
and he was also sure that Charyk had not fully analyzed the cost impact of modifying Agenas for
the F-2 and E-4 configuration.

After weighing the various considerations, Undersecretary Charyk in February 1961 decided
that he wanted an E-4 but that it would have to be developed and tested within the limits of existing
funds. He continued to insist, however, that rescheduling boosters and launches would permit the
E-4 to progress without grossly affecting any of the search or surveillance payload programs.,

*The objective of the E-4 development was a system capable of giving position accuracies
of 500 feet or less. Based on the usual Atlas-Agena B combination, the recovery capsule was
nearly identical to that of the E-~5, having a 72-inch diameter and being 84 inches long. The
terrain camera had a 6-inch focal length; the stellar camera a focal length of 3 inches. The
customary gas reaction jets were to control attitude during a five day mission with an apogee
of 178 nautical miles. Ground resolution could be, under good conditions, on the order of 150 feet,
assuming a 90-mile perigee over the target area. The usual near-polar orbit was planned. The
/5.6 lens of the mapping camera was considered by reconnaissance camera experts to be the
“best available today” for photogrammetric purposes. It had an axial resolution of 60 lines per
millimeter with a distortion of 10 micrometers—which reduced to 2 micrometers upon calibration.
Some 4,000 feet of 9.5-inch film would be carried and retrieved. Shutter speeds could be varied
over a range from 1/50 to 1/800 second. Fiducial and reseau edge markings on the film were to be
provided, based in part on a timer with an accuracy of 0.001 second. The £/2.5 stellar image
camera would produce 4.5 by 4.5-inch film frames, exposing each frame for 4 seconds to provide
an elongated tracer of star images on a total of 2,000 feet of film. Each mission could theoretically
provide high quality photographs of about 50 million square miles of Sino-Soviet territory.

: ‘ ‘ BYEMAN/TALENT HOLE

CONTROL SYSTEMS JOI

48
Approved for Release: 2022/02/25 C05099307




Approved for Release: 2022/02/25 C05099307

I sl SEEREh IEHI |7 G’ tlle“; IIE;& teel‘ MCS HISTORY

The term “Program 1A” was generally substituted for “E-4” ag a means of obscuring project
intentions. That subterfuge was also an element in the more widespread effort to remove all
reconnaissance satellite effort from general view.

By early April 1961, the E-4 had acquired relatively firm configuration characteristics
and had made the transition from proposed effort to funded procurement.* An effective working
relationship between the Aeronautical Systems Division (ASD) and SAFSP was created in the
following way: Colonel King and Major Maurice G. Burnett met with Brigadier General David M.
Jones, Vice Commander, Wright Aeronautical Development Division (WADD) to formally brief
him on the E-4 program and the proposed involvement of Aeronautical Systems Division personnel,
This resulted in appointing a team, headed by Captain David G. Coleman and Mr. Leonard Crouch
plus a few hand-picked specialists in the areas of requirements. The number of program-briefed
personnel at ASD remained extremely small—perhaps ten or twelve—in effect, only General Jones
and those who were actually working on the program. Through special arrangements, funds were
transferred to ASD so that the “team” would have no funding restrictions on their operations. The
team members were essentially removed from all other activities for the duration of the require-
ment.

Both the technical and the financial details had received Charyk’s specific approval following
a general presentation of 7-8 March, although the West Coast group remained rather “bearish” on
the whole issue.

The ambitious E-4 program conceived during the SAMOS reorganization of August-September
1960 began to lose stature the following spring. On 28 March 1961, Deputy Secretary of Defense
Roswell Gilpatric confirmed Air Force responsibility for development and operation of all defense
department reconnaissance satellites, but also made the Army responsible for establishing and
managing “a single geodetic and mapping program to meet Defense Department requirements.”
Within two weeks, the Army’s chief of staff had contacted his Air Force counterpart,General T. D.
White, to request nominations to an “integrated three-service” group to plan for mapping satel-
lites . . . under Army cognizance. The first meeting was held early in May, and it was immedi-
ately apparent that the Army saw the Gilpatric directive as a mandate for establishing a new major
research and development effort in satellite mapping and gecdesy. The Air Force inevitably
disagreed. The only product of the meeting was a decision to collect requirements statements
from all three services.

The next meeting, on 11 May, was called on short notice but found the Air Force more
determined than ever that reconnaissance satellite research and development should not be
parceled out according to camera focal length.

* Lockheed was the system integrating contractor, under letter contract AF04(647)-841
issued on 6 April 1961. The original work statement covered systems engineering and vehicles
for three flights plus long-lead items for five more. Fairchild Camera and Instrument Corpora-
tion (FCIC) had payload development responsibility under letter contract AF33(600)-42926, issued
by the Aeronautical Systems Division (ASD) Reconnaissance Laboratory on 25 March. (Fairchild
actually accepted six days later.) Funds were initially released to ASD on 10 March. A total of
$88.5 million was set aside for “Program 1A,” the coverage extending through four fiscal vears
until fiscal 1964, but the bulk of that amount falling due in fiscal year 1963. Schedule called for
initial launches in March, June, and September 1962 with the first of the five supplemental pay-
loads going into orbif in April 1963,
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On instructions from Charyk, the Air Force representative refused to discuss research
and development in satellite geodesy, characterizing it a matter for secretarial resolution.
Typically, the tri-service committee was unable to agree on anything significant, adjourning on
the note that what was immediately needed was a commonly accepted definition of geodesy, some
agreement on targeting requirements, and a standard viewpoint on data processing requirements.

Nevertheless the lines had been drawn, and under the rules outlined by Gilpatric, the E-4
program had become quite vulnerable. Yet had the matter remained one for resolution by a tri-
service committee, Charyk and Greer might well have flown the E-4 before any decision could
be taken. However, in late May 1961, the mapping satellites issue had passed to the Director
of Defense Research and Engineering (DDR&E) for resolution, and the E-4 became but one of three
proposed systems. Early in June, Gilpatric authorized continuation of the procurement of four
cameras in the E-4 (Program 1A) configuration but instructed Charyk to suspend plans for buying
and launching boosters and spare vehicles. There still was hope of course, that a decision to
confirm proposed flight schedules would follow completion of an evaluation—but the hope was
rather faint. Charyk therefore directed that all E-4 activity not essential to completion of four
basic payloads (including accessories) should be halted. He subsequently modified the “complete
stop” order to permit Lockheed to work on capsule engineering essential to creation of an
“appropriate” interface between capsule and payload and to ensure compatibility of the payload
with the capsule environment, but even then the Lockheed work was carefully limited.

For another six months, payload development continued at a slow pace and on a low key.
It appeared to be progressing remarkably well, on the whole, a situation that most observers
credited to the ability and industry of the immediate program officers (Captain Coleman and Mr.
Crouch at ASD) and Major Burnett in Colonel King’s Payload Division, consisting at the time of
Majors Edward Conway, Bernard Quinn, and Burnett. No firm decision on the future of the
program had yet emerged from DDR&E, and Charyk seemed content not to push the issue. In
October, he discussed mapping satellites with Dr. E. A. Fubini of DDR&E and got approval of
a plan to bring E-4 payloads to a state of flight readiness and hold them there, the objective being
to provide the least possible delay between a launch decision and an actual launch. He told SAFSP
to begin putting together engineering and cost details for a “hold” program. General Greer’s
people, though reasonably optimistic about the promise of the E-4 camera and the functional
effectiveness of the system, were not particularly encouraging—estimating that it would cost
$42.2 million to orbit all four payloads, and $16.4 for one—not counting launch and recovery
charges.

Charyk, who had preserved the E -4 program through a succession of administrative moves
and who had somehow managed to keep it alive in the face of a formal Gilpatric directive that
denied his authority to do so, reacted angrily to the cost and time figures. “It appears that SAFSP
does not want to do this job” he told Brig, General Richard Curtin, Director, Office of Space
Systems. ‘“The system is obviously gold plated and fat. It is necessary that the program be
scrubbed down to the hard core and re-estimated.”

Though unpalatable, the figures nevertheless proved to be well founded. By the end of the
year, Charyk was apparently resigned to the fact that there was no prospect of early flight for
the E-4 payload then approaching completion. Early in January 1962, he advised Gilpatric that as
they were completed, the E-4 payloads were being stored in a readiness-in-9-months flight
condition, and that a decision to fly would require the provision of substantial funds for launch,
boosters, and space vehicle costs. And there the E-4’s remained.
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The E-5 Recovery Program

In April 1959 ARPA gave specific approval to the recovery (E -5) proposal. Funding
difficulties then were responsible for cancellation on 23 June 1959.!

The issue, somewhat oversimplified, was essentially whether readout or recovery techniques
should be employed to satisfy the 5-foot resolution requirement defined by the intelligence
community.

Pressure from the Air Force to reinstate the E-5 resulfed in ARPA’s authorizing the award
of an E-5 camera development contract on 4 September 1959 to “protect schedule.” Five days
later, on 9 September, ARPA formally authorized reinstatement of E-5 subsystem development,
including the capsule.

A total of seven vehicle flights were programmed, two “diagnostic” vehicles being added
in August 1960,

The E-5 (Figs. 1-8a and 1-8b) had remained relatively stable in terms of design details,
having the following design characteristics:

Focal length 66-inches Orbital life 1 mo.
Aperture £/5.0 Weight (on orbit) 5,766 1b
System resolution 100 1/mm Base diameter 6 £t
Orbital altitude 138 nm Recovery capsule

Ground resolution 5ft Weight 1,525 1b
Strip width 60 nm Length 13.5 ft
Location accuracy 1 nm

Film size 5-inch width

265 to 500-foot length

Additionally, the E-5 was a stereo system. The camera had been developed by the Itek
Corporation in Lexington, Massachusetts under subcontract to Lockheed, the system contractor.
Each camera consisted of a sunshade and mirror, a window, an eight-element lens (with a
temperature tolerance of but 1 degree), and camera body terminating in a 5-inch curved film
plane with a 3-second pan cycle, a complex (64-step) exposure selection, and a complex film
takeup system.

Along with the E-5, the emergence of the E-6 and GAMBIT systems raised the issue of
whether all three recovery systems should be carried to completion. They had several over-
lapping qualities. Lockheed had total responsibility for E-5 and for the rapidly withering E-1 and
E -2 satellite programs, and had prime responsibility for CORONA, but was no more than a
vehicle supplier in the E -6 program. Lockheed, therefore was vitally interested in having the
E -5 remain altractive. E-5 was then considered to be a logical successor to CORONA—still
generally treated as an interim system with slight growth potential—although E-6 was a more
promising candidate.

As with the E~1 and E-2, part of the discontent with E-5 arose from the fact that it did not
represent the latest in satellite reconnaissance concepts and techniques. Even though development
was not well under way until September 1959, the basic proposals embodied in E -5 dated from
1958, and considerable advances in optics, vehicle stabilization, and camera mode technologies had
marked the ensuing two years.
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Lockheed, aware of waning confidence in the prospects of E-5, proposed accelerating the
program toward an April 1961 diagnostic flight and a subsequent launch rate of one satellite each
month. An early demonstration could dispel doubts of the systems’ usefulness, It would, if suc-
cessful, provide a high-resolution recoverable system at least a year in advance of the first E-6
and some two years sooner than the first GAMBIT satellite, a consideration that could not well
be ignored in an atmosphere of program urgency. Further, Colonel King and General Greer were
realistically aware that E-6 and GAMBIT might represent the only insurance against program
disaster.

Acceleration of a sort was approved for the E-5 effort before the close of 1960—in December,
Charyk had authorized early diagnostic flights of degraded E-5 cameras to get telemetry data,
prove out payload operation, and demonstrate the feasibility of capsule recovery in the E-5 con-
figuration.

Along with the urgency of developing flight hardware, came naturally an urgency to accelerate
development of test equipment and procedures. One essential element in the test flow was sub-
system and system testing under simulated space environment.

With Itek, the camera contractor, on the east coast, and Lockheed, the prime/systems
contractor, on the west coast, and neither contractor having on hand the necessary equipment, two
vacuum chambers would have to be provided from scratch, one to be installed at each facility for
sub-system and system ‘cesting.12 The requirement was to design and build two identical vacuum
chambers (10™* mm Hg) with diffusion pumps. These chambers, 12 feet in diameter and 20 feet
long, although dwarfs alongside the subsequently developed HEXAGON thermal/vacuum chambers,
were considered “large” in the 1958 time frame. The logistics were seen at once as a problem,
since the three companies considered capable of building the chambers were on either the east
coast or the west coast.

The contract to build the chambers was won by the High Vacuum Equipment Corporation
in Hingham, Massachusetts. The plan was to assemble and test the Sunnyvale chamber in Hingham,
disassemble and ship by freighter through the Panama Canal to the Bay area, off-load and deliver
(shipping time was up to 3 months). As recounted by Dana Jones, Itek’s mapping camera contract-
ing officer (then also in the Itek contracts department) there was, in retrospect, a certain amount
of humor associated with the vexing task of getting the Sunnyvale chamber to its destination.

The chambers were late, and “oversize” trucking companies were contacted for estimates,
since the three months via freighter was then totally unacceptable. One company said that it could
be done in seven days. Upon reaching agreement to go this route, two I {eye) beams were welded
to each side of the chamber to provide 8-inch ground clearance, one axle was placed in back and
a hook was welded in front to form the “trailer”. To make the whole thing interesting and relieve
some of the tension, “anchor” pools were formed for one dollar each to pick day and time through
the front gate at Sunnyvale. The route was the Massachusetts Turnpike, New York Thruway to the
Ohio Turnpike, then pick up southern Route 66 through Los Angeles and on up to Sunnyvale,

The driver, for $20, agreed to call each night and report his progress which was plotted
by flags on a map showing his route. The overall plan appeared, on the surface at least, to be well
laid out. The trucking company had agreed to provide two additional drivers and automobiles with
flashers to accompany the truck across the country. Since rules and regulations would vary in the
states that would be crossed, permits would be obtained by the company as appropriate for each
state and mailed to the post offices in the town nearest the next state border to be crossed. Then
as the group approached the border, one of the escort drivers would speed ahead to the post office,
pick up the permit at the general delivery window (hopefully) and be back at the border by the time
the truck and other car arrived.
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The crew left the Boston area one Thursday evening at 6 o’ clock, estimating the Ohio border
within 24 hrs. At 8 o’ clock the following morning the driver called—he was in Springfield,
Massachusetts, only 90 miles west of the starting point. The “hook” weld had broken on the
Massachusetts Turnpike and he had been held up all night. Thirty six hours later he was re-
welded and going.

That afternoon, Friday at 4 o’clock, he called from the entrance to the New York Thruway—
they wouldn’t let him on. At 4:55, after DX-A2 Priority ratings and “Highways for National
Defense” threats, and a promise to call Nelson Rockefeller if the Secretary of Transportation
could not work the problem, three New York State Troopers took the caravan through New York
at 70 mph—got rid of him fast before the weekend.

At the entrance fo the Ohio Turnpike he was weighed—the estimated 10 tons was actually
20 tons! He was told to get another axle. Three days later he pulled out on the highway and was
pulled over by a Trooper asking to see the registration for the new axle. No registration! His
next call for help was from the local jail. Four more days were lost before he was freed and
under way again,

He became part of a parade in Indiana, and lost four more days because of floods and washed
out bridges in Arkansas.

Lt. Colonel James Seay, General Greer’s Director of Procurement at SAFSP, flew to Boston
on a Sunday demanding that the rig be in Sunnyvale within four days. He was allowed fo put his
$1.00 bet on the date and time the rig would pull in the front gate. He picked twelve days, and
almost won.

Walter Tyminski, one of Lockheed’s vice presidents, was irate because one wall had been
removed from Building 104 to receive the chamber, and during the long wait the temporary plastic
wall which had been strung up didn’t keep his office warm.

The truck went through Los Angeles on a Sunday without a permit. The driver figured that
the policemen wouldn’t stop anything so outrageous since it obviously had to have a permit.

So, 26 days after leaving for the “7-day” trip it pulled into the gate at Sunnyvale. The $400
anchor pool was won by a lucky guy whose guess was just one day off.

But any impression that the E-5 had thus become more highly regarded than the still
embryonic E-6 was dispelled early in February with Charyk’s ruling that the E-6 had priority
over any other E-series development. The crux of the priority issue was not so much the develop-
ment status of E-5 as that E-6 represented a solution to requirements for gross coverage, which
carried higher priority than the specific target coverage mission for which E-5 had been designed.
Further, confidence in E-5 success had never been high within SAFSP, and GAMBIT—which prom-
ised far better resolution than E-5—had begun development by February 1961,

The character of the E-5 test program had gradually been changed by the various program
decisions of late 1960 and early 1961. In February 1961, that evolution received formal recognition
in the statement of a test philosophy, essentially a determination that the early flights would con-
tain very large quantities of instrumentation and would have limited functional objectives. Partic-
ular attention was to be devoted to reentry phase instrumentation since the sea-recovery-oriented
E-5 capsule represented a considerable departure from the pattern set by Discoverer capsules—
relatively lightweight and designed for air catch. Operations during flight test would gradually
progress from the simple to the complex as success permitted. (For example, no steering
manuevers were to be attempted during the initial E-5 flight because a failure in that mode
probably would prevent test of the reentry system.) In essence, the E-5 tests were to be cautious
research and development investigations rather than attempts to operate fully functional prototypes.
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Vehicle and payload problems indicated the launch schedule should be relaxed so the chances
of mission success would not be endangered. Another factor intervened to ensure a relaxation of
E-5 launch schedules. On 9 September the E-2 launch disaster had severely damaged the pad at
Point Arguello. This caused the program office to slip the initial launch date to 12 December.
(Vehicle 2203 slipped from 7 December to 18 January 1962 and 2204 slipped to 22 February 1962.)

On 17 October, General Greer directed Lockheed to make every effort to launch 2202 by
2 December rather than 12 December. The contractor reacted by shaping a “hard core” group
of key personnel into a task force with a 24-hour, 7-day-per-week assignment: meet program
objectives. Engineers and launch crews were shifted from the Midas program to provide the
necessary work force.

The effort was extraordinarily successful. At 1245 hours on 22 November, 12 days in
advance of the most optimistic schedule proposal in October, 2202 was launched from Pad 1.
Every effort had been made to ensure a successful launch, including special provisions for
“super clean” propellant tanks and x-ray checks of questionable transistors. But 247 seconds
after lift-off, the Atlas lost pitch attitude control and shortly thereafter another programming
error caused permature engine shutdown. That combination of errors caused the Agena to
stabilize in a tail-first attitude after separation. When the Agena engines were ignited, the
vehicle promptly de-boosted into the Pacific,

Taken together with the record of contractor problems, the launch failure had immediate
repercussions. After hearing presentations on the status of the program and discussing its
prospects with General Greer, Charyk on 4 December directed that all work on the E-5 program
be halted except that in support of 2203 and 2204 launches.

Vehicles 2203 and 2204 differed from their predecessor in having a more comprehensive
(ultra-high frequency) command and control system and more intricate telemetry. The camera
was somewhat more refined as well.

In the midst of termination proceedings, and while the program office was trying to sort
out the residue of a complex program, 2203 reached launch readiness. It climbed free of Pad 2
at Point Arguello at 1145 hours on 22 December, after two days of delay for the correction of
minor defects. The launch was successful, and although there was a fault in the Atlas propulsion
cutoff system, the net effect was to put the Agena in an orbit with a period 4.5 minutes longer than
planned.

Once on orbit, the payload began its scheduled operation. At first all seemed well, and there
were clear telemetry indications that the camera had functioned, but either the frame counter
failed or the camera shut itself down earlier than scheduled. That was not too serious, even if
undesirable. But a faulty command activated the reentry sequence on the sixth pass, and through
a combination of errors, the payload, after separating, went into a new and higher orbit.

The dead Agena, relieved of its cargo, continued to circle the earth somewhat below the
capsule. Because the reentry command had activated all systems in the capsule portion, the
recovery battery was dead by the time it was needed to ignite squibs and activate the drag para-
chute. Further, the retro-rockets had been ignited during the unplanned manuever sending the
capsule into its higher orbit, so any reentry would be entirely ballistic,

The Agena fell back and burned up somewhere south of Borneo on 31 December, Tracking
stations calculated that the capsule would encounter enough atmospheric resistance to bring it
down about 9 January. Air recovery would be impossible because of the complete absence of retro-
rocket and parachute phases, but it was conceivable that the reentry vehicle might survive reentry
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forces and impact where the payload could be recovered. In the course of Pegasus reentry
experiments during September and October 1961, one reentry test vehicle had survived a ballistic
return from an altitude of nearly 200,000 feet after its parachute failed to deploy.

E-5 program people bled the Spacetrack centers for whatever information they could obtain
on the course and probable decay of the satellite. During the second week of January 1962 the
tracking stations reported that the capsule had passed over the northernmost tracing screen but
had not been picked up by the radars of the next belt southward.

Lieutenant Colonel V. M. Genez, SAFSP QOperations Director, immediately contacted the
6594th Aerospace Test Wing in Sunnyvale, California, activating an earlier plan for the contingency
recovery of decaying capsules that might enter intact. There was early indication that the payload
had come down in northwestern Canada, so a C-119 carrying Lieutenant Colonel Lon Berry and a
recovery crew flew into Great Falls, Montana, stopping there to get Canadian permission for a
search along a specific path. The Royal Canadian Air Force wanted to know why. Colonel Berry
explained that the USAF hoped to find part of a satellite. After several hours of delay, a direct
phone call from Washington ordered Berry and the C-119 back to California. No reason was given.

It later developed that the area of the proposed search was along one of the Strategic Air
Command’s most heavily used polar patrol routes. Canadian authorities suspected that a B-52
had accidentally released a nuclear weapon and that the Air Force wanted to recover it surrepti-
tiously. The issue was not of the sort that promised quick resolution, so the search party was
ordered home. Later a pair of U-2 aircraft flew along the suspected reentry path, photographing
the terrain in hopes there might be some sign of the capsule. Nothing turned up, and the affair
ended on an inconclusive note.

The third and final E-5 vehicle was launched on 7 March 1962 at 1410 hours after an extended
series of aborted countdowns. The Agena auxiliary power system and the command and control
subsystem of 2204 had been substantially modified to reflect experience with the first two E-5’s.
Nevertheless, problems with the Agena, the Atlas, the guidance programmer, and various switches
had delayed the launch since 22 February. Despite thal omen, the launch and orbit injections were
“near normal”. For the first 13 passes, all went reasonably well. Then the New Hampshire track-
ing station improperly transmitted reentry sequence commands. The vehicle assumed and main-
tained reentry attitude, and over a period of several passes expended most of its attitude control
gas. In part, the sequence of misadventures resulted from failure of a Fairchild timer. A recovery
attempt on pass 17 failed because of another tracking station error, and by pass 21 all control gas
had been exhausted. The only remaining recourse was to trigger the reentry system while the
vehicle was in an appropriate reentry attitude. But instead of reentering, the capsule went info a
higher orbit, much like its immediate predecessor.

More than a year later, in July 1963, the satellite’s orbit had decayed to the point of imminent
reentry. As the heavy heat shield still was attached, there seemed a chance that it would survive.
Greer’s staff, aided by computers and operations of the Aerospace Corporation, calculated the
probable reentry path and impact point. They concluded that the satellite would impact toward the
center of the Arabian Sea. Since any possibility of parachute deployment had passed months before,
and since the shock of striking cold sea water after an uninhibited ballistic reentry almost cer-
tainly would breach the satellite casing, there seemed no possibility of retrieval. No recovery
was attempted. All the available data suggested that the capsule had actually come down in the
predicted impact area. Like both its predecessors, nothing more was heard of it.
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After the failure of 2203, the E-5 program disappeared from organizational charts. No final
report was written. On 1 March 1962, even before the last E-5 launching, Colonel King had been
transferred to a new assignment and the remainder of the program office had been disperéed. As
E-5, the program was thereafter of interest mostly to antiquarians and historians.

But the Itek camera, and the E-5 requirement, tenuously held to life notwithstanding the
lack of program success. Charyk’s decision to cancel the E-5 program had been taken on Monday,
4 December. Two days later Jack Carter of Itek proposed to Charyk that tests be run on Itek and
Perkin-Elmer lenses to determine whether an improved lens might be substituted for the original
in the still-pending 2204 flight. A comparison began early in January.

While arrangements for that work were in train, Carter suggested to General Greer that
advances in the camera and satellite technology since the start of E-5 should be adapted to a new
reconnaissance system based on the Itek E-5 camera. After refining the original idea, he formally
submitted it on 19 December 1961.

What Carter proposed was combining a single re-engineered E-5 camera with the DISCOVER-
CORONA capsule, a Thor booster, and a modified Agena.* The evolving camera, known as
LANYARD is described further in the CORONA section, since it was developed and flown under the
CORONA program management arrangement.

* Although Itek’s record in E-5 development was scarcely faultless, the failures of the
system had all originated in Atlas and Agena subsystems mostly peculiar to the original E-5
design. CORONA had a much better record by 1961, and Itek’s reputation for camera develop-
ment was quife respectable.
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The E-6 Recovery Program

Note: At various times of no particular consequence, the E-6 program
was officially known by other titles: Program II, Program 201, Pro-
gram 698BJ, Program 722. The term most commonly in use in 1963
was “BJ”. For the purpose of this account, and in the interest of nar-
ratiV(le3 continuity, the identifier “E-6" is used throughout (see Fig.
1-9).

Through the spring and summer of 1960, while matters of project structure and program
objectives were being debated at various levels between the project office and the White House,
the sixth and last of the SAMOS camera systems to receive formal designation was also taking
shape.

By April 1860, CORONA had experienced ifs eighth successive failure (DISCOVERER IX)
and was entering a limbo of engineering overhaul that would postpone further trials for two months,
Early in May the U-2 incident abruptly halted use of the only other reconnaissance system available
to take pictures over the Soviet heartland. The E-5 satellite system then in development was so
designed that it would return relatively narrow film strips, each covering only about 15 by 53 miles
along the ground. Moreover, it was still many months from its scheduled first trial.

Late in May and early in June suggestions were heard that a completely new photo-recovery
system should be developed. On 5 July the United States Intelligence Board (USIB) issued a
revision of satellite reconnaissance requirements, emphasizing the need for locating Soviet
ballistic missile sites and calling for a search camera system capable of resolving objects 20 feet
on a side before the end of 1962,

Until early July, the Air Force Ballistic Missiles Division (BMD) expressed a preference
for some relatively minor modifications of the E-5 system rather than a new development. A
12 July BMD development plan revision, however, featured a proposal for a new camera payload |
(designated E-6) to be combined with a new recoverable and maneuverable re-entry body. On |
11 August, BMD issued still another development plan which proposed an E-6 system generally
conforming to the USIB statement of requirements. Featuring a panoramic camera with a 20-foot
or better resolution, 8 days on orbit, and a highly precise recovery system, it was intended to
provide broad coverage of those areas serviced by the Soviet railway network,

Even earlier, on 27 July, Colonel Paul J. Heran, then Director of Operations at the 6594th
Test Wing, had been named to head a source selection board which was to evaluate contractor
proposals for an E-6 system. Requests for proposals were dispatched to a selected list of
contractors (from which Lockheed had been excluded) on the day the development plan was issued,
11 August. During the period of pre-proposal briefings, the SAMOS project was formally assigned
to the Office of the Secretary of the Air Force, acquired a military chief, General Greer, and a
secretariat-level overseer, Dr. Charyk, and in its revamped form received Presidential endorse-
ment. The basic performance requirement was also modified to include 10-foot resolution (“or
better”) and 5 days on orbit.

The source selection board considered the E-6 to be a backup to the E-5 system, with
assured recovery over land being more important than rigid adherence to the photography specifi-
cations. E-6, of itself, had to be “useful and usable even if the thing it’s backing up also works.”
By implication, the E-6 had to differ from existing or programmed solutions to the reconnaissance
problem, otherwise it would be duplicative—and undesirable.
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The system Charyk described to President Eisenhower was composed of a precise land
recovery subsystem (with air pickup a possible alternative) integral with a photographic subsystem
that included a 24 to 36-inch panoramic camera. First flight, assuming progress consistent with
that outlined in the development plan, was planned for January 1962. Seven flights, possibly
augmented by two diagnostic tests, were on the proposed schedule.

The choice of subsystem contractors had, for practical purposes, been completed before the
end of October, by which time the new SAMOS office structure had also been clarified. The source
selection board recommended awarding the camera payload contract to Eastman Kodak and the
recovery subsystem contract to General Electric.

Several factors, however (land versus water recovery, the role of the Aerospace Corporation
in systems engineering, the relationship of SAMOS to ARDC programs) kept the source selection
board in session until early December. The board had found no alternative to using Lockheed’s
Agena as the upper stage to inject the E-6 payload vehicle info orbit, and Lockheed thus became
part of the contractor team. (Technical integration of the payload, upper stage, and recovery
subsystems, however, was reserved for General Electric rather than Lockheed, which had that
responsibility for all other SAMOS payload systems and for CORONA.)

On 14 December the board chairman, Colonel Heran, formally advised the BMD commander,
Major General O. J. Ritland, that General Electric and Eastman Kodak had been chosen to develop
recovery and camera subsystems, respectively. The maneuverable reentry aspect of the original
requirement had been reduced to an applied research program aimed at the eventual design of a
“terminally guided lifting type vehicle”.

Even though the land recovery objective of the program defined in August had been sub-
stantially reduced in importance by December, the expectation that Martin’s glide-control reentry
technique would eventually be combined with the E-6 camera system remained a basic program
concept through the early months of 1961, Fears for the possible loss of a SAMOS satellite over
unfriendly territory, with repercussions perhaps more extreme than those of the U-2 incident,
prompted continued concern for positive control of recovery modes and for the improvement
of reentry accuracy.

Delays in completion of the source selection process had forced a slippage in the original
program deadlines. During the last days of 1960, a technical direction meeting conducted by
Aerospace produced revised milestone goals: delivery of the payload vehicle to Vandenberg Air
Force Base and the first flight-ready Agena B to the missile assembly building by 20 November
1961, availability of the assembled vehicle on the pad by 18 December, and first flight by
1 February 1962, It was a schedule that seemed wildly optimistic in the light of earlier space
program achievements— 13 months from program approval (source selection) to first flight.

Some of the configuration details of the E~6 were decided less by engineering logic than
by the need to camouflage GAMBIT. During the early months of the E-6 program it seemed
essential not only to hide the GAMBIT fechnical effort under a screen of E-6 activity, but also to
make the orbital vehicle portions of the two systems resemble one another in outward appearance.
Thus, in theory, a GAMBIT could be launched without alerting many people to its real nature.
Final evidence of the futility of the “look-alike” undertaking came after the technical evolution
of GAMBIT continued with the result that GAMBIT rapidly assumed an appearance and character
completely distinct from that of the final E-6 configuration.

Problems relative to tracking nets/communications and recovery had to be resolved. The
formal decision to use Johnston Island as the descent and recovery zone was not made until late
February and it was another month before a program office survey group could actually visit the
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site and estimate needs. One of the last major technical redirections that could be incorporated
before the program progressed so far that each change meant a significant delay was the 16 Feb-
ruary 1961 deletion of air-catch considerations from the recovery subsystem. As with the E-5,
the E-6 would depend on de-boost, aerodynamic deceleration, and water impact (and floatation)
for its recovery mode. Sheer bulk was a principal deterrent to aerial recovery; the reentry body
was 12 feet and 3 inches in length with a maximum diameter of 8 feet and 4 inches.

Although alternative modes of reentry and recovery operations were considered later, by
March 1961 the basic techniques of E-6 launch, orbit, and recovery had been decided. The opera-
tion would begin with launch of the Atlas-Agena combination from Point Arguello and its control
(in Atlas sustainer and vernier phases) by Atlas radio guidance. At Atlas burnout, the satellite
vehicle (Agena B, camera section, and recovery vehicle) would coast to apogee, at which point
the Agena B would deliver the impulse required to place the satellite combination in a preselected
orbit within the Agena’s guidance and control tolerance. Orbit insertion would take place at
approximately 125 nautical miles altitude,

After insertion, the orbit would be defined from telemetry return, angle track data, and
radar track information. The required orbit correction would be computed from track and rate
radar derivations, and introduced as velocity changes provided by Agena re-burn. The final orbit
correction system relied on a hydrogen peroxide propulsion unit contained in the camera section.

Photographic coverage normally would begin on the eighth orbit. The photographic subsystem
was built around a pair of 36-inch (focal length) cameras (for stereo coverage) with horizon
recording for attitude control.

Upon completion of the photographic portion of the mission, de-orbit requirements would
be calculated from ephemeris data and sent to the orbiting vehicle. The Agena B would then be
oriented to the proper attitude by its gas jets, and de-orbit thrust impulses would be applied to
acquire the desired de-orbit trajectory.

The recovery vehicle would separate from the Agena B by retro-thrust derived from the
orbit correction nozzles and would then be re-oriented to the desired reentry attitude by the
nitrogen jets provided for reaction control. Pre-orientation of the Agena was intended to make
the de-orbit technology relatively uncomplicated. Reliance on gas jets for spin-up was intended
to eliminate the possibility of an unstable spin arising from unbalanced solid rockets.

Use of a parachute recovery system in combination with the recovery vehicle {(based on
General Electric’s RVX-2) presumably provided a safe rate of descent plus adequate ablative
protection for the recovery payload through the aerodynamic heating zone to the point of recovery.

Tracking, telemetry, and command equipments were contained in the recovery vehicle.
Such devices had to be compatible with the Mod III track and command systems at the Atlantic
and Pacific Missile Ranges; the S-band tracking radars at Hawaii, Kodiak, and Vandenberg;
and the VHF and UHF telemetry receivers and command transmitters at various sites in the
western hemisphere. During on-orbit operation, the satellite vehicle was controlled through time-
coded binary signals transmitted by the Verlort tracking link. The satellite itself had a memory
circuit adequate for the storage of commands necessary for both vehicle and payload operations
during orbit. In actuality, some of the more precise circuitry required for command of the
payload portion was essential to the GAMBIT system rather than the broad-swath E-6 camera,
but for obvious reasons that fact was not widely known.
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The original plan of an initial launch by December 1961, followed by six additional launches
at 40-day intervals (and including two diagnostic launches from the Atlantic Missile Range, if
necessary) had by early 1961 been changed to reflect a 9 March 1962 first launch target date. The
entire slippage, at that point, had resulted from an August 1960 decision to permit prospective
bidders more time than originally contemplated to develop their proposals.

The early objective of controlled land recovery became less than an integral part of the total
program after 9 March 1961, when Undersecretary Charyk reduced the Martin effort to a study-
through-mockup activity more slowly paced and less fully funded than initially proposed. The
Martin Company’s work statement was rewritten in April to reflect the changed emphasis and
thereafter had no significant influence on the basic program.

While the program was being troubled by financial problems, the principal effort nonetheless
was applied to remaining on schedule in the development, fabrication, and test aspects. The first
key date was Kodak’s delivery of a payload mock-up to General Electric, completed on schedule:

21 April. The first three flyable recovery vehicle cassettes reached General Electric before the
end of June; in August, thermal environment tests of prototype lenses began; and on 18 September,
the first drop test of a recovery vehicle (from a B-52 at Kirtland Air Force Base) ended in success.
On 10 October, 1961 Colonel Heran assured Undersecretary Charyk that by all available indications
the first launch would take place when scheduled: 9 March 1962. On the day of this report, Heran
learned that the initial water-drop test of the reentry vehicle had also been successful, both in
parachute deployment and in flotation characteristics. At the end of the month, recovery site
facilities were complete.

This optimism was short-lived. A succession of technical problems combined to delay
the launch date. Finally, at 1056 hours (local time) on 26 April 1962, the Atlas-Agena carrying
E-6 number one climbed away from its launch pad, leaned toward the south, and vanished from
the sight of observers at Vandenberg. At the proper time the Agena separated, the booster fell
away, and the programmed injection into orbit began. Propulsion and guidance proved excellent.
The orbit was near perfect, no adjustment was necessary. Telemetry signaled a possible failure
of the camera window shields to open, and there was a clear indication of excessive use of control
gas to maintain proper vehicle attitude, but it appeared that at least one of the cameras had
operated as planned throughout the mission. The other of the camera pair showed no sign of
functioning after orbit number seven. During the attitude adjust maneuver immediately before
de-boost, however, the plume of the ullage rocket* impinged on the Agena’s rocket exhaust
nozzle and caused an unprogrammed pitch up, and the vehicle failed to enter through the proper
“window”. It could not be recovered.

Launch of the second system occurred on 17 June. Again the launch and orbit placement
phases were “near normal” and the photographic subsystem functioned adequately, but premature
exhaustion of attitude control gas forced a call down attempt during orbit 10 rather than during
orbit 18, as planned. Again the de-boost phase was ineffective. The attitude control system of
the Agena malfunctioned, a power failure prevented separation of the reentry vehicle from the
Agena, and they re-entered as a unit. Because of that circumstance, the deceleration parachute
did not depioy and the satellite completed a free-fall trajectory, impacting about 750 nautical
miles further down range (north) than planned. The hard impact ruptured the recovery capsule,
which sank before ships or planes could locate it.

*Ullage rockets are small solid propellant rockets attached to the Agena and are fired just
prior to ignition of the Agena engine after its separation from the Thor. This is to ensure that
the liquid Agena propellants are pushed against the bottom of the tanks so that proper flow into
the pumps will occur.
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Following corrective measures, the third flight, on 18 July 1962, produced another excellent
orbit. A succession of difficulties of varying magnitude plagued the vehicle thereafter. The S-band
beacon operated with marginal effectiveness throughout most of the mission and failed completely
during orbit 18. The forward (main) camera failed to advance after the 10th orbit, the film cutter
refused to function, and on revolution 18, during de-boost, the Agena secondary propulsion system
again refused to ignite. Without ullage, the main engine could not fire, so no de-boost increment
was available for the reentry operation. Again there was no recovery.

Changes introduced as a result of the third failure of the recovery system included redesign-
ing circuits to isolate the secondary propulsion system from the solid ullage rockets and improving
the pre-flight inspection of the circuitry. With these changes, flight number four began on 5 August
1962.

In what had by that time become an established pattern, the launch and injection operations
resulted in an orbit within two percent of “periect”. No orbit adjust was needed. On-orbit
telemetry was quite satisfactory, although some S-band peculiarities were noted in retrospect.
(They caused a minor error in prediction of the impact point.) Steering gas consumption was
normal and the command system performed with desirable efficiency. The camera payload,
unhappily, developed some defects. Telemetry returns showed the main camera to be “operafing”
through pass number seven, buf the film transport remained non-functional throughout the entire
mission. The rear camera operated through revolution number six, after which the film transport
failed. However, there was a clear indication that at least 1,500 feet of film had been properly
exposed with the rear camera.

During the reentry and recovery phase, defects again appeared. Individual incidents of
the de-boost sequence came in proper order, but the Agena imparted only 1,450 feet-per-second
de-boost velocity instead of the programmed 1,600 feet-per-second. Nevertheless, the reentry
sequence continued as scheduled until the vehicle emerged from the ion-sheath blackout. One
second later, primary telemetry failed, Although telemetry signals briefly resumed after a lapse
of 16 seconds, there was no indication of parachute operation and recovery aircraft in the impact
zone were unable to secure a clear bearing on intermiftent beacon signals which persisted over
the next 40 minutes. Both electronic and visual search continued for four hours after presumed
impact, but there was no sighting. A helicopter search over the next 24 hours produced nothing
more tangible.

Analysis of the fragmentary telemetry indicated that excessive heating, principally in the
aerodynamic wake of the reentry vehicle, had caused a failure in the parachute deployment
circuitry.

The relatively rapid succession of flight tests——and mission failures—had not proceeded in
a management vacuum, nor had work on improvement of the central E-6 configuration ceased. In
the area of system improvement, two items were of particular interest during the months between
April and October 1962. One was improved retrieval, either water to air or air catches. The
second was the addition of an index camera which would more adequately pinpoint the location of
sites photographed by the stereocameras, this addition was to be incorporated on the tenth and
subsequent E -6 vehicles. However, unsuccessful attempts o develop a satisfactory water-to-air
recovery system between March and October 1962 resulted in this idea and the index camera both
being placed in the long-term category.

During the ensuing months, system configuration and costs received close scrutiny. The
possibility of adapting the E-6 payloads to a thrust-augmented-Thor (TAT) launch vehicle and a
DISCOVERER (CORONA) recovery capsule was examined but considered unjustified for several
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reasons. Use of the TAT would force “almost complete redesign and packaging” of the E-6
system, would reduce the quantity of film by at least one-half, and would essentially constitute
a new program with all the complications inherent in such a procedure. Its affect would be to
substitute a new launch system for one which had worked quite well,

During a complete program review in September 1962, costs and strategies for continuing
the program were examined. Charyk directed that work on all vehicles additional to the nine
originally programmed be halted. He further directed that three of the remaining five payloads
be scheduled for flight in accordance with a philosophy of {aking enough time to ensure a “maximum
probability of success,” and with intervals between the flights sufficient to permit complete
analysis of all data from the previous flights and allow the incorporation of necessary changes.

Should these efforts not result in satisfactory demonstration of the E -6, cancellation of the
program would be inevitable, but could not be straightforward. The E-5 effort had ended in termi-~-
nation by January 1962. With the last E -6 flight, the known “cover” for both CORONA and the still
untested GAMBIT would vanish. Another casualty of E -6 program termination would be the known
justification for the existence of General Greer’s organization—SAFSP; only those with access to
the cover programs appreciated that the E-6 effort was but a minor part of a major activity being
managed from the fourth floor suite of offices in the “SSD complex” along El Segundo Boulevard
in Los Angeles. CORONA program managers were also concerned that announced cancellation of
E -6 might expose the CORONA effort. If the original objectives of SAFSP establishment were to
remain valid, E-6 cancellation (should it finally occur) had to be accomplished by new camouflage
for the covert programs, a logical explanation for continuation of SAFSP as an organization, and,
ideally, a new overt program to cancel in case of a political decision to halt “open” support of
satellite reconnaissance. One of the chief reasons for continuing the E-6 in its original form had
been to permit the public cancellation and the clandestine continuation of other satellite recon-
naissance activity, should international events so dictate.

Thus quite apart from considerations of technology, the launch of the fifth E-6 vehicle
promised fo be of considerable significance.

Following indepth reviews, modifications, and inspections, representatives of General
Electric, Lockheed, Aerospace Corporation, and the program office made a final appearance
before General Greer to assure him again that they had a very high degree of confidence in the
chances of mission success.

|
r
x
z
|
x
<

Liaunch of the fifth E-6 occurred on 11 November 1962, System operation to the point of
reentry was in many respects even better than during any of the earlier missions. Lift-off and
orbit injection again resulted in establishment of a near perfect ephemeris. The only possible
malfunction, suggested by telemetry but unconfirmable, was failure of hatch removal. The com-
mand system functioned without disorder and the photographic subsystem transported 3,400 feet
of exposed film. De-boost sequencing was near perfect, and the reeniry vehicle appeared fo be
performing without any error until it entered the blackout zone. Thereafter, events roughly
paralleled those of flight four. There was some indication of parachute deployment, derived
principally from telemetry indications that descent had lasted longer than would have been the
case with a free-falling reentry body, and again one aircraft reported 16 minutes of indistinet
beacon signal reception following impact, but none of the search craft sighted the vehicle, no
further signals were reported, and at dark on the evening of 12 November the search ended. The
fact that a recording station heard both SOFAR bombs defonate indicated to recovery team person-
nel that the vehicle had broken up on impact or sunk shortly thereafter.
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Investigation of the possible causes of the latest casualty continued and proposals for
alternate configurations were resumed, but on 31 January 1963, Charyk formally notified General
Greer that all proposals for further orbit tests of the E-6 payload had been disapproved.*

Thus with the cancellation of E~6 and LANYARD, none of the original E systems of 1960
survived in any form, yet the requirements that had caused their generation remained. At the
end, the experience of E-8 payload development was to have a considerable influence on subsequent
developments that led, by 1966, through the S-2 search system proposals to the eventual HEXAGON
program {the S-2 system is addressed in Part II).

* At this time, few knew of CORONA, and fewer still were aware that the cancelled E~5 had
reappeared in a different form as LANYARD. But some knew, and knowing were tempted to quip,
quietly and privately, that it was a wise man who knew his own payload, that E-6 might have been
cancelled, but it was equally possible that General Greer and Colonel Heran had found a way to
stuff the E-6 cameras into something else and weren’t telling.
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THE CORONA PROGRAM

Note: On the facing page (Fig. 1-10) a sketch of the CORONA launch
vehicle is shown for the purpose of orientation. On the following page,
photographic payload profiles and characteristics are shown (Fig.
1-11 and Table 1-4) to provide the reader with a visual reference

to associate with the payloads flown during the course of the

CORONA Program.

WS-117L had been undertaken as a classified project. Although its existence was concealed,
all findings were reported to Congress. The press soon began publishing stories on the nature of
the program, correctly identifying it as involving military reconnaissance satellites, and referring
to it as “Big Brother” and “Spy in the Sky”. The publicity was of concern because of the sensi-
tivity to the subject of overflight reconnaissance. It was decided therefore, that those portions of
WS-117L offering the best prospect of early success would be separated from WS-117L. This
would be designated CORONA and placed under a joint CIA-Air Force management team, an
approach that had been so successful in covertly developing and operating the U-2, Air Force -
management, particulariy Major General Bernard A, Shriever, the Commander of the Western
Development Division, and Col, Frederick (Fritz) C. E. Oder, the Program Director for WS-117L,
contributed greatly to the CORONA decisions in this time frame, as did Dr. Edwin Land of Polaroid
Corporation, Dr, James A, Killian, the Special Assistant to the President for Science and Technol-
ogy, and Brig. General Andrew J. Goodpaster, the President’s Staff Secretary at the White House.!4

The nucleus of a team was constituted as the Development Projects Staff under the direction
of Richard Bissell, who was Special Assistant to the Director, Central Intelligence (DCI) for Plans
and Development. Bissell was designated as the senior CIA representative on the new venture.

His Air Force counterpart was Brig. General Osmund J. Ritland, who as Colonel Ritland, had
served as Bissell’s first deputy in the early days of Development Projects Staff and was then

Vice Commander of the Air Force Ballistic Missile Division. Bissell recalls that his early
instructions were extremely vague: the subsystem was to be developed out of work accomplished
under WS-117L; it was to be placed under separate covert management; and the pattern established
for the development of the U-2 was to be followed. :

The splitting off of CORONA from the WS-117L program was accomplished by an Advanced
Research Projects Agency (ARPA) directive of 28 February 1958 assigning responsibility for the
WS-117L program to the Air Force and ordering that the proposed WS-117L interim reconnaissance
system employing Thor boosters be dropped.

The ARPA directive ostensibly cancelling the Thor-boosted interim reconnaissance satel -
lite was followed by all of the notifications that would normally accompany the cancellation of
a military program. This was followed, as one would expect, by indignation on the part of all
prospective contractors. Subsequent to the cancellation, only a very limited number of individuals
in the Air Force and participating companies were cleared for Project CORONA. These people
were informed of the procedures to be followed in the covert reactivation of the cancelled program.

Although CORONA was removed from WS-117L and placed under separate management as
a covert activity, the original intent was to disguise its real purpose by concealing it as an exper-
imental program carrying the name, DISCOVERER. The program was represented as a scientific
program whose findings would be of value to many related programs. This permitted overt
procurement of the necessary boosters, second stages, and hardware associated with the bio-
medical cover launches. It also provided an explanation for the construction of launch and ground
control facilities. Only the program components associated with the true photographic recon-
naissance mission had to be procured covertly.
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Fig. 1-10 — Major components of the CORONA J-3/CR (KH-4A) Launch Vehicle
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After Bissell and Ritland had worked out the arrangements for the overt cancellation and
covert reactivation of the program, they began to address the technical problems associated with
the design configuration they had inherited from WS-117L. The subsystem contemplated the use
of the Thor IRBM as the first stage booster and, as a second stage, a Lockheed-modified satellite
vehicle or spacecraft that had been designed around the Bell Aircraft engine developed for the
B-58 Hustler Bomber, It carried the Hustler designation during the development phase of
WS-117L but soon came to be known as the “Agena,” the name it carried throughout the program.

Several important design decisions were implemented in this organizational period of
CORONA. Recognizing the need for good ground resolution to meet the intelligence objectives,
it was concluded that the previously developed concept of physical film recovery did indeed offer
the most promising approach for a usable photographic return in the interim time period and
should be pursued. This resulted in the design of a recovery pod or capsule with General Electric
selected as the recovery vehicle contractor. The decision to pursue film recovery proved in
retrospect to be one of the most important decisions made in United States reconnaissance
activities. History shows that during the crucial decade of the 1960’s, intelligence needs could
not have been served by the state-of -the-art in readout technology—the alternative concept
developed under WS-117L. It should also be noted that both the manned and unmanned United
States space recovery programs which followed have leaned very heavily on the re-entry technology
developed for CORONA.

Other major decisions for the new CORONA Program resulted from a 3 -day conference in
San Mateo, California among representatives of CIA, Air Force Ballistic Missile Division,
Lockheed, General Electric, and Fairchild. Discussion at the San Mateo meeting got into the need
for immediate contractual arrangements with the various suppliers. Bissell remarked that he
was “faced with the problem at present of being broke” and would need estimates from all of the
suppliers as soon as possible in order to obtain the necessary financing to get the program under
way. The suppliers agreed to furnish the required estimates by the following week. However,
following that meeting, the project quickly began taking formal shape. Within a span of about 3
weeks, approval of the program and of its financing was obtained, and the design of the payload
configuration evolved. * By late March and early April of 1958, lengthy and serious consideration
of different camera and spacecraft configurations proposed by Fairchild Camera and Instrument
Company (FCIC) and Itek Corporation was culminated. Interest shifted toward the design sub-
mitted by the Itek Corporation (primarily formed from resources of Boston University). Itek
proposed a long focal length camera which would scan within an earth-center-stabilized pod. This
concept promised substantially better ground resolution performance. The Itek design was based
on the principles of the Boston University HYAC High Acuity, Panoramic Camera. Bissell recalls
that he personally decided in favor of the Itek design, but only after much agonizing evaluation.

*With program approval there came a proliferation of payload design ideas, all in a highly
compartmentalized environment. As an example, one concept visualized a Ryan Tip Pod Camera
in a satellite, spinning much like a well-thrown football forward pass. The camera would trigger
on the horizon, advance the film as it progressed across the nadir to the other horizon, and then
would be off while the lens completed its arc through the zenith. This “football” was the basis of
program manager J. W. “Jim” Plummer’s work at the covert Hiller facility in Palo Alto, California.
The plan was to adapt the G.E. reentry body instrumentation capsule which was basically an 18-inch
sphere covered with a cork-like ablative shield. Progress was well under way on this large “egg”
mounted behind the shroud of the WS-117L Agena when Washington powers decided to drop this
approach in favor of other proposals which had been introduced.
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The decision was a difficult one to make because it involved moving from the previously intended

method of space vehicle stabilization to one that was technically more difficult to accomplish. It

did, however, standardize on the three-axis stabilization which was being pursued in the WS-117L
Agena development and which has been a part of all subsequent photoreconnaissance systems.

The final project proposal was forwarded to: General Goodpaster; Mr. Roy Johnson and
Admiral John Clark of ARPA; Mr. Richard Horner, Assistant Secretary of the Air Force for
Research and Development; General Ritland; and Dr. James Killian. The proposal was approved,
although not in writing. 'The only original record of the President’s approval reportedly was in
the form of a hardwritten note on the back of an envelope by General Cabell, then Deputy Director
of Central Intelligence.

Although the original intent was that CORONA would be administered in a manner essentially
the same as that of the U-2 program it actually began and evolved quite differently. It was a joint
CIA-ARPA-Air Force effort, much as the U-2 was a joint CIA-Air Force effort, but it lacked the
central direction that characterized the U-2 program. The project proposal described the antici-
pated administrative arrangements, but fell short of clarifying the delineation of authorities. It
noted that CORONA was being carried out under the authority of ARPA and CIA with the support
and participation of the Air Force. CIA’s role was further explained in terms of participating in
supervision of the technical development, especially with regards to the actual reconnaissance
equipment, handling all covert procurement, and maintenance of cover and security. The work
statement prepared for Lockheed, the prime contractor, on 25 April 1958 noted merely that
technical direction of the program was the joint responsibility of several agencies of the Govern-
ment,

The imprecise statements of “who was to do what” in connection with CORONA allowed for a
range of interpretations. The vague assignments of responsibilities caused no appreciable difficul-
ties in the early years of CORONA when the organization was small and the joint concern was

. primarily with producing as promised, but they later (1963-1964) became a source of friction
between CIA and the Air Force. Bissell gave this description on how the program was initially
managed:

“The program was started in a marvelously informal manner. Ritland
and I worked out the division of labor between the two organizations as
we went along. Decisions were made jointly. There were so few people
involved and their relations were so close that decisions could be and
were made quickly and cleanly. We did not have the problem of having
to make compromises or of endless delays awaiting agreement. After
we got fully organized and the contracts had been let, we began a
system of management through monthly suppliers’ meetings—as we had
done with the U-2. Ritland and I sat at the end of the table, and I acted
as chairman. The group included two or three people from each of the
suppliers. We heard reports of progress and ventilated problems—
especially those involving interfaces among contractors. The program
was handled in an extraordinarily cooperative manner between the

Air Force and CIA. Almost all of the people involved on the Govern-
ment side were more interested in getting the job done than in claim-
ing credit or gaining control.”

The schedule of the program, as it had been presented to the CORONA group at its meeting
in San Mateo in late March 1958, called for a “count-down” beginning about the first of July 1958
and extending for a period of 19 weeks. It was anticipated that the equipment would be assembled,
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tested, and the first vehicle launched during that 19-week period, which meant that the fabrication
of the individual components would have had to be completed by 1 July. By the time Bissell sub-
mitted his project proposal some 3 weeks later, it had become apparent that the earlier scheduling
was unrealistic. Bissell noted in his project proposal that it was not yet possible to establish a
firm schedule of delivery dates, but that it appeared probable that the first firing could be attempted
no later than June 1859.

It is pertinent to note here that there was no expectation in 1958 that CORONA would still be
operating over a decade later. The CORONA Program got under way initially as an interim, short-
term, relatively low-risk development to meet the intelligence community’s requirements for area
search photographic reconnaissance pending successful development of other more sophisticated
systems planned for WS-117L. The original CORONA proposal anticipated the acquisition of only
12 vehicles, noting that at a later date it might be desirable to consider whether the program
should be extended, with or without further technological improvement.

Having settled on the desired configuration and having received Presidential approval of the
program and its financing, the CORONA management team moved forward rapidly with the con-
tractual arrangements. The team of contractors for CORONA differed from the team on the
WS-117L as a consequence of selecting Itek’s panoramic camera and the film recovery approach.
Itek was brought in as one of the two major subcontractors to Lockheed (General Electric being
the other). However, to soften the financial blow to Fairchild, Itek was made responsible for the
design and development of the camera subsystem with Fairchild producing the camera under
subcontract to Itek. Under this arrangement the first 20 cameras were produced. [Following a
contract award to Itek in 1959 for a new camera design known as the C#/f (C triple prime) (Fig.
1-12), the cameras for the remainder of the program were produced by Itek.] The contractor
team continued throughout the CORONA Program, although in 1961 the relationship was changed
as a cost savings measure to the Government to that of Associate Contractors. The contractor
relationships on the CORONA Program were as friendly and cooperative as any that could have
been set up, and this team dedication to this program is one of the primary reasons for the over-
all success which the program enjoyed. The final contractors were selected on 25 April, and a
work statement was issued to Lockheed on that date. The contractors began systems design on
28 April and submitted them for first review on 14 May. The designs were frozen on 26 July 1958.

Thus, by mid-1958, the contractor’s responsibilities to the program were moving well
toward meeting the goal of a first launch no later than mid-1959. The Government side, however,
was running info difficulties. The first had to do with money, the second with cover, and the two
were inextricably intertwined. The $31 million cost estimate for the 12-vehicle program had
assumed that the cost of the Thor boosters would be absorbed by the Air Force by diverting them
from the cancelled WS-117L subsystem. That assumption proved to be incorrect. An additional
$ 18 million had to be found to pay for the 12 Thors. Further it had been decided that an additional
four launch vehicles would be required for testing of launch, orbit, and recovery procedures; and,
that an additional three would be required for biomedical launches in support of the CORONA
cover story. ARPA could not see its way clear to making DoD funds available merely for testing
or for cover support when there were other DoD space programs with pressing needs for money.
Consequently, CORONA management had to go back to the President for approval of a revised
estimate.

It had also become apparent to the project managers that the original, but as yet unannounced,
cover story conceived for the future CORONA launchings (an experimental program within the first
phase of WS-117L) was becoming increasingly untenable. WS-117L had by then become the subject
of fairly widespread public speculation identifying it as a military reconnaissance program. It
was feared that linking DISCOVERER to WS-117L in any way would inevitably place the recon-
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Fig. 1-12 — C Triple Prime (C’’’) Camera (KH-3) in test stand
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naissance label on DISCOVERER; and, given the hostility of the international political climate to
overflight reconnaissance, there was the risk that the policy level of Government might cancel
the program if it should be so identified. Some other story would have to be conirived that would
dissociate CORONA from WS-117L and at the same time account for multiple launchings of stabi-
lized vehicles in low polar orbits and with payloads being recovered from orbit.

It was decided, therefore, to separate the WS-117L photoreconnaissance program into two
distinct and ostensibly unrelated series: one identified as DISCOVERER (CORONA -Thor hoost)
and the other as SENTRY or SAMOS (previously discussed). A press release announcing the
initiation of the DISCOVERER series was issued in mid-January 1959 identifying the initial
launchings as tests of the vehicle itself and later launchings as explorations of environmental
conditions in space. Biomedical specimens, including live animals, were o be carried into
space and their recovery from orbit attempted.

The new CORONA cover concept, from which the press release stemmed, called for a total
of five biomedical vehicles; and three of the five were committed to the schedule under launchings
three, four, and seven. The first two were o carry mice and the third a primate. The two uncom-
mitted vehicles were to be held in reserve in event of failure of the heavier primate vehicle. In
further support of the cover plan, ARPA was to develop two radiometric payload packages designed
specifically to study navigation of space vehicles and to obtain data useful in the development of an
early warning system (the planned MIDAS infrared series). It might be noted here that only one
(DISCOVERER III) of the three planned animal carrying missions was actually attempted, and it was
a failure. ARPA did develop the radiometric payload packages, and they were launched as
DISCOVERER’s XIX and XXI in late 1960 and early 1961,

The photoreconnaissance mission of CORONA necessitated a near polar orbit, either by
launching to the north or to the south. There are few suitable areas in the continental United
States where this can be done without danger of debris from an early in-flight failure falling into
populated areas. Cooke Air Force Base near California’s Point Arguello met the requirement
for down-range safety because the trajectory of a southward launch would be over the Santa Barbara
channel and the Pacific Ocean beyond. Cooke AFB was a natural choice because it was the site
of the first Air Force operational missile training base and also housed the 672nd Strategic Missile
Squadron (Thor). Two additional factors favored this as the launch area: (1) manufacturing
facilities and skilled personnel required were in the near vicinity, and (2) a southward launch
would permit recovery in the Hawaii area by initiating the ejection/recovery sequence as the
satellite passed over the Alaskan tracking facility. The name of this base was changed from
Cooke to Vandenberg AFB in October 1958,

Unlike the U-2 flights, launchings of satellites from U.S. soil simply could not be concealed
from the public. Even a booster as small as the Thor (small relative {o present day space
boosters) launches with a thunderous roar that can be heard for miles; the space vehicle transmits
telemetry that can be intercepted; and the vehicle can be detected in orbit by radar skin-track.
Although the fact of a launch having been made could not be concealed, maintenance of the cover
story for the DISCOVERER series required that the launchings of the uniquely configured photo-
graphic payloads be closed to observation by uncleared personnel. Vandenberg was excellent
as a launch site from many standpoints, but there was one feature of it that posed a severe
handicap to screening the actual launches from unwanted observation. This handicap was that the
heavily traveled Southern Pacific Railroad passes through it. Operational parameters, including
the requirement for daylight recovery and for seven denied area passes during daylight with
acceptable sun angles, dictated a launch from Vandenberg in the early affernoon. Trains passing
through the area broke up this afternoon launch window into a series of successive windows, some
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of which were of no more than a few minutes’ duration. Even today, the space program at
Vandenberg is plagued by having to time the launches to occur during one of the intervals between
passing trains.

Recovery presented problems in the early development period and throughout the early
operational period. The planned recovery sequence involved a series of maneuvers, each of which
had to be executed to near-perfection or recovery would fail. Immediately after injection into
orbit, the Agena vehicle was yawed 180° such that the recovery vehicle faced to the rear. This
maneuver minimized the control gas which would be required for reentry orientation at the end
of the mission and protected the heat shield from what atf that time was a deep concern for
molecular heating. (Later in the J-3 design when these concerns had diminished, the vehicle was
flown forward until reentry.) When reentry was to take place, the Agena would then be pitched
down through 60 degrees to position the satellite reentry vehicle (SRV) for retrofiring. Then the
SRV would be separated from the Agena and spin-stabilized by firing the spin rockets to maintain
it in the attitude given it by the Agena. Next, the retrorocket would be fired slowing down the
SRV into a descent trajectory, and the spin of the SRV would be cancelled by firing the despin
rockets. The retrorocket thrust cone was then separated, followed by the heat shield and the
parachute cover. The drogue (or deceleration) chute would then deploy, and finally the main
chute would open to lower the capsule gently into the recovery area. The primary recovery
technique involved flying an airplane across the top of the descending parachute, catching the
chute or its shrouds in a trapeze-like hook suspended beneath the airplane, and then winching
the recovery vehicle aboard. Initially, C-119 aircraft were used, but C-130 aircraft replaced
them later in the program. If the air cafch failed, the recovery vehicle was designed to float
long enough for a water recovery by a helicopter launched from a surface ship. The recovery
sequence and aerial recovery were similar to those of the HEXAGON program shown in Section
3 of Part I1.

While the vehicle was still in the construction stage, tests were conducted of the aerial
recovery technique by the 6593rd Test Squadron with poor results. Of 74 drops using personnel
type chutes, only 49 were recovered. Using one type of operational drop chute, only four were
recovered out of 15 dropped, and an average of 1.5 aircraft passes were required for the hookup.
Eleven drops of another type of operational chute resulted in five recoveries and an average of 2
aircraft passes for each smatch. Part of the difficulty lay in weak chutes and rigging and crew
inexperience; however, the most serious problem was the fast drop rate of the chutes. Parachutes
that were available to support the planned weight of the recovery vehicle had a sink rate of about
33 feet per second. What was required was a sink rate approaching 20 feet per second so that the
aircraft would have time to make three or four passes, if necessary, for hookup. Fortunately,
by the time space hardware was ready for launching, a parachute had been developed with a sink
rate slow enough to offer a reasonable chance of air recovery.

The launch facilities af Vandenberg AFB were complete, and the remote tracking and control
facilities which had been developed for WS-117L were ready for the first flight test of a Thor-Agena
combination in January 1959. The count-down was started for a launch on 21 January; however, the
attempt aborted at launch minus 60 minutes. When power was applied to test the Agena hydraulic
system, certain events took place that were supposed to occur only in flight. The explosive bolts
connecting the Agena to the Thor detonated, and the ullage rockets fired. The Agena settled into
the fairing attaching it to the Thor but did not fall to the ground, however appreciable damage was
done. A program review conference was held in Palo Alto two days after the launch failure to
examine the possible causes of these events and to assess its impact on the planned CORONA
launch schedule. Fortunately, the problem was quickly identified as a timer malfunction. The
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design was corrected, and the program was ready for resumption of test launches at the rate of
about one per month.

At the conference, General Electric surfaced a new problem having to do with the stability
of the nose cone during reentry. The cone was designed for a film load of 40 pounds, but the first
missions would only be able to carry 20 pounds. GE reported that about 3 pounds of ballast would
have to be carried in the forward end of the cone to restore stability. The program officers
decided to add an instrument package as ballast for diagnostic purposes and for support of the
biomedical cover story, thus converting what could have been dead weight into an extra advantage
for this test series.

The test plan contemplated arriving at full operational capability at a relatively early date
through sequential testing of the major components of the system, beginning with the Thor-Agena
combination alone; then adding the nose cone to test the ejection/reentry/recovery sequence; and
finally installing a camera for a full CORONA systems test. Whatever confidence the project
planners had in the imminence of success at the start, however, soon must have begun to wane.
Beginning in February 1959 and extending through June 1960, an even dozen launches were
attempted with eight of these vehicles carrying cameras. All twelve were failures, and no film
capsules were recovered from orbit. Of the eight camera-carrying vehicles, four failed to
achieve orbit. Of the four vehicles that went into orbit, three experienced camera or film
failures, and the fourth was not recovered because of a malfunction of the reentry body spin
rockets.

By 1981 state-of~the-art technology, the performance record of early CORONA launches
would be totally unacceptable. But it must be remembered that this was the genesis of space
exploration, with this ambitious and complex program pioneering in technical fields about which
little was known. Even after the program had become operational and was routinely returning
photography from space, there were uncleared scientists in the country who were of the opinion
that the satellite approach to reconnaissance was not viable,

In the midst of these hectic times in 1959 there were some highlights that are very interest-
ing, in retrospect. For example, the SRV on DISCOVERER II, launched on 13 April 1959 had
ejected on the 17th orbit as planned, but a timing malfunction caused by a human programming
error resulted in the ejection sequence being initiated too early. The capsule was down, probably
somewhere in the near vicinity of Spitsbergen Island north of Norway. Infact, there were later
reports that the falling capsule had actually been seen by Spitsbergen residents. The Air Force
announced on the 16th that the Norwegian government had authorized a search for the capsule,
which would begin the following day. Planes scoured the area, and helicopters joined the search
on the 20th, Nothing was found, however, and the search was abandoned on the 23rd. There was
speculation at the time and some actual reconnaissance by the Norwegian Air Force which indicated
that the capsule may have been recovered by a Soviet rather than an American recovery team.
The incident later became the subject of a book by Alistair MacLean, Ice Station Zebra, and of
a 1968 movie of the same name. The fictionalized version departed rather substantially from the
facts, and it is clear that no one who was involved in the CORONA Program acted as a technical
consultant to the film producer.

Another example believed to be of interest is an incident associated with DISCOVERER III,
Since part of the CORONA cover story called for some of the early launches to be biomedical
vehicles, an experiment involving four live mice was organized for DISCOVERER III. Black mice
were chosen in order to ascertain the possible hair-bleaching effects of cosmic rays. The mice
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were members of the C-ST7 strain, a particularly rugged breed. They had been “trained”, along
with 60 other mice, at the Air Force Aeromedical Field Laboratory at Holloman AFB. They were
7 to 10 weeks old and weighed slightly over 1 ounce each. A 3-day food supply was provided which
consisted of a special formula containing peanuts, catmeal, gelatin, orange juice, and water. Each
mouse was placed in a small individual cage about twice its size, and each had a miniscule radio
strapped to its back to monitor the effects of the space trip on heart action, respiration, and
muscular activity. The lift-off on June 1959 was uneventful, but instead of injecting approximately
horizontally, the Agena apparently injected downward driving the vehicle into the Pacific Ocean.
The second try at launch several days later with a backup mouse “crew” was also a near abort
when the capsule life cell humidity sensor suddenly indicated 100 percent relative humidity.

The panic button was pushed and troubleshooters were sent up to check. They found that when

the vehicle was in a vertical position, the humidity sensor was directly beneath the cages and

it did not distinguish between plain water and urine. The cages were dried out and the vehicle
launched; however, it again was unsuccessful, falling into the ocean.

Another amusing experiment on an early flight was a means for concealing the payload
doors from inquisitive eyes while the vehicle was on the launch pad. The scheme that was
hurriedly devised was to cover the doors with fairings made of paper under which were strung
two lengths of piano wire with ping-pong balls attached to the forward ends of the wires. The
thought was that as the vehicle accelerated during launch, the air flow along the vehicle skin
would blow the ping pong balls to the rear, thus tearing off the paper and exposing the payload
doors. The strip-away fairing was tested by attaching it to the side of a sports car and driving
the car at high speed along the Bayshore Freeway (U.S. Highway 101) late one evening. The test
proved two things: (1) that the fairing would tear off as intended, and (2) that the California
Highway Patrol could easily overtake a vehicle traveling at 90 miles per hour. Since the test
indicated a “go” situation, at 2 a.m. on a foggy, chilly morning under a blaze of floodlights, a few
cents worth of paper, piano wire, and ping-pong balls were affixed to a multimillion dollar space
vehicle. In parallel with the paper/ping-pong ball fix, a security and environmental shroud was
being designed. These shrouds proved extremely valuable to the program in protecting the
sensitive thermal surface from salt water spray.

The very first recovery (according to plan) of an object orbited in space was made by the
United States on 11 August 1960. The vehicle was DISCOVERER XIII, launched as a repeat of
DISCOVERER XII diagnostic flight without camera and film. On 10 August 1960 the vehicle was
launched and successfully inserted into orbit. The recovery package was ejected on the 17th
orbit, and retrofiring and descent were normal, except that the capsule came down well away
from the planned impact point. The nominal impact area was approximately 250 miles south of

Honolulu where C-119 and C-130 aircraft circled awaiting the capsule’s descent. The splash-down

occurred about 330 miles northwest of Hawaii. The airplanes were backed up by surface ships
deployed in a recovery zone with dimensions of 250 by 550 miles. Although beyond the range of
the airborne recovery aircraft, the capsule descended near enough to the staked out zone to permit
an attempt at water recovery. A ship reached the scene before the capsule sank and fished it out

of the ocean. (This water recovery technique developed for and perfected by the CORONA Program

has been used extensively by the U.8. manned spacecraft programs with the recovery of astronauts
after splashdown in the ocean.) Since DISCOVERER XIII was a diagnostic flight, it was given
extensive publicity concerning this success in recovering an object from orbit, in large measure

to support the cover story of DISCOVERER as an experimental space series. President Eisenhower

displayed the capsule to the press, and it was later placed on exhibit in the Smithsonian Institution
for public viewing.
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The suecessful recovery of a CORONA SRV, even though it contained no film, was the first
assurance of imminent success for a photographic reconnaissance satellite capability.

The next vehicle, DISCOVERER XIV, was launched on 18 August 1960, just one week after
the successful water recovery of the DISCOVERER XIII capsule. The vehicle carried a camera
and a 20-pound film load. The camera operated satisfactorily, and the full load of film was exposed
and transferred to the recovery capsule. The satellite recovery vehicle was ejected on the 17th
pass, and the film capsule was recovered by air snatch.

As expected, the resolution was lower than on the U-2 photography; however, this one
CORONA mission yielded more photographic area coverage than the total of all U-2 missions
that had been flown over the Soviet Union.

The primary purpose of the imagery from the panoramic cameras of the CORONA system
was to collect essential intelligence on foreign areas, but the satellite imagery program also
included the aspect of providing for the accurate geographic orientation of military and other
essentials features on target charts, geodetic positioning for missile system operations, and
improving the general accuracy of maps and navigation charts. To cope with these types of
orientation and mapping, charting, and geodetic requirements, specialized frame-{ype cameras
were developed to obtain lower resolution but geometrically strong imagery—that is, imagery
whose locational {geodetic) characteristics are more accurate because all of the features on a
frame are imaged at the same instant of time.

The U.S. Army Corps of Engineers had started geodetic programs utilizing artificial
satellites in 1957. The first of these programs was to track the early satellites such as
GREB and Echo from islands and, by using the known orbit and time of track, determine the
location of the tracking station with respect to the center of mass of the earth and subsequently
to the North American datum. By September 1960, it became obvious that our knowledge of
orbital perturbations was not sufficient to achieve the precision required. The solution to this
problem was the Sequential Correlation of Range (SECOR) program. This program used the
principal of trilateration to eliminate the orbital parameters from the solution of the iocation.
This was accomplished by launching a multiple frequency transponder into orbit and measuring
the range to the satellite from four stations at the same instant in time. Three of the stafions
were on the North American datum and the fourth was at a location with undetermined coordinates.
The three known stations fixed the satellite in space and the location of the fourth was then
determined from three fixed in the satellite. This system became the primary geodetic position
system and involved a number of transponder launches. The early launches were designed to
use the GREB ball but securing launches for these balls was very difficult, and the number of
vehicles that could carry these payloads was very small. This situation was discussed with the
DISCOVERER program office and with the integrating contractor, Lockheed Missiles and Space
Company (LLMSC). Bert Bulkin of LMSC and Major Albert W. Johnson from the SAFSP program
office indicated that the Agena aft instrument rack had space for separable packages that were
small, and in fact, had launched other spacecraft such as the Amateur Radio Operators Satellite
(OSCAR). Bert Bulkin and William Williamson from the Corps of Engineers designed a SECOR
spacecraft based on the OSCAR package (same size and weight) which the Air Force program
office approved for launch on the DISCOVERER and subsequent CORONA programs. The early
launches carried non-separable SECOR transponders on the DISCOVERER launches of 23 October,
5 November, and 12 December 1961. These were all successful and proved the transponder
design. The separable SECOR payloads, seven in all, were carried on specified CORONA launches
during the time frame of February 1964 to August 1968.
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DISCOVERER XX was the first of a dozen launches extending over a period of three years
carrying mapping cameras, a program sponsored by the U.S. Army which the President had
approved for inclusion within the CORONA project. The purpose of the mapping program, which
was known as ARGON (KH-5) (Fig. 1-13), was to obtain precise geodetic imagery to allow an
extension of existing datum planes within the Soviet Union. The ARGON, which was operational
between May 1962 and August 1964, had a focal length of 76 mm (3 inches) and used 5-inch-wide
film. Of the 12 systems launched, (9 attained orbit) only 6 were recovered; however, because of
its higher orbit (165 nautical miles) these missions were able to collect virtually complete
worldwide coverage at a scale of approximately 1:4,000,000. The imagery from this system
permitted a U.S. Army Engineers’ contractor fo compile the first photographic mosaic of an
entire confinent—Africa. This mosaic enabled DoD personnel to derive information on and to

correct the major hydrographic, vegetation, terrain, and geological patterns shown on contemporary

maps.

The CORONA launches, notwithstanding problems, proceeded at an amazing frequency,
with 37 launches or launch attempts between April 1959 and 13 January 1962. After DISCOVERER
XXXVIL, the cover story for DISCOVERER had simply worn out. With the improved record of
success and the near certainty of an even better record in the future, it seemed likely that there
would be as many as two dozen launches per year for perhaps years to come. The cover story
that DISCOVERER was an experimental series had ceased to be tenable, and no other cover story
was available to account for the number of launches and their unique mission profiles. So,
beginning with the 38th launch, CORONA missions were announced merely as being Air Force
satellite launches. On 18 April 1962, the Air Force announced the issuance of a new directive
classifying all information pertaining to military satellites and eliminating the DISCOVERER,
SAMOS, and MIDAS series designators.

During 1961, Itek developed the MURAL (M) camera system (Fig. 1-14) which provided
stereoscopic photography. It is an axiom of aerial reconnaissance that the information content
of photography is improved by a factor of two and one -half times with stereo coverage. Thus,
the introduction of the M system marked a major step forward in the CORONA Program,.

The M system consisted of two C’?? cameras on a common mount, one looking 15 degrees
aft from vertical and the other 15 degrees forward. Each camera was fed from an individual
supply spool (40 pounds of film) mounted on the back of the camera’s main plate. The film was
panoramically exposed through 70 degrees of lens cell assembly rotation. After exposure, the
film from each camera was fed into individual takeup spools in a common cassette, When the
forward-looking camera photographed a scene, this same scene would be photographed six frames
later by the aft-looking camera, thus providing a 30-degree covergent angle for stereo photo-
graphy. Simultaneous operation of both cameras was required for sterec photography. The M
system configuration further improved CORONA reliability by mounting the two cameras back-to-
back. Because the cameras operated (scanned) in opposite directions, they tended to offset any
operating imbalances and thereby improved overall system dynamic balance. The M system was
capable of a 6 to T-day mission compared to the 3 to 4-day missions of the C’/’ and the earlier
1-day missions. The system was designed for nominal altitudes of 110 nautical miles. Dynamic
resolution was 80 to 110 lines per millimeter. The first M system, mission 90381, was launched
on 27 February 1962, and the stereo photography was excellent. '

In 1962, two small frame cameras were introduced into the CORONA system; first an Index
camera with 38-mm focal length lens and later a Stellar-Index (SI) camera (Fig. 1-15). The
Index cameras were flown starting with the first MURAL mission on 27 February 1962, and the
SI cameras were introduced on program flight number 52 on 29 September 1962. Thereafter,
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Camera System with Cannister

Film Supply Clock, Pneumatics, and Film Chute

Camera Installed in the Structure Fully Assembled ARGON System

Fig. 1-13 — ARGON (KH-5) Army Mapping Camera
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CORONA missions, with a few exceptions, carried an SI of some vintage. Both the Index and the
Stellar Index cameras were manufactured by Itek. The Index had a terrain or down-looking lens

only, of 38-mm focal length; the Stellar Index camera also had a 38-mm terrain lens but included

an 80-mm focal length stellar lens as well; the terrain camera used 7T0-mm film, the stellar

camera used 35-mm film. Coverage was world-wide, providing supplementary coverage to main

camera imagery for more accurate geographic orientation, initially of intelligence targets and
later for mapping purposes. A calibration of the knee (90-degree) angle between the Index and
Stellar units, as well as the distortion of these two lenses, was established on a precision gonio-
meter. This calibration in conjunction with the mid-exposure time of the shutters (panoramic
cameras, Index cameras, and Stellar Index camera) established the position in space for each
photographic acquisition. Many relatively small scale maps were made from this combined
photography.

As a side benefit, the CORONA Performance Evaluation Team (PET) used the terrain
imagery extensively as an aid to main camera photography evaluation. On many occasions
throughout a mission, the panoramic imagery would appear slightly degraded without any
indication of camera malfunction. By examining the terrain photography from the SI, which
covered such a wide area in each frame, cloud patterns and heavy haze not detectable in the pan
photography were clearly visible. One of the initial and most challenging tasks of the PET was
to educate some of the key management personnel on the subject of image degradation resulting
from the atmosphere, “look angle,” and sun angle in continuously varying combinations, without
the capability to continuously compensate through film filter /exposure optimization.

In early 1963, the boosting capacity of the first-stage Thor was substantially increased by

strapping on three small solid propellant rockets which were jettisoned after firing. This thrust-
augmented Thor (TAT), was first used for the launching of the heavier LANYARD camera system

(Fig. 1-186), developed by Itek under contract to SAFSP as a follow-on to the SAMOS E-5 camera.

It was a panoramic spotting camera with an oscillating lens cell which viewed a large mirror aimed

at a 45-degree angle toward the earth. Movement of the mirror enabled the system to produce

stereo or mono-photography. The 5-inch film was fed from a supply spool (capacity = 8,000 feet/
80 pounds of film) to the platen for exposure and then to a takeup cassette in the recovery system.

Servo drive rollers controlled the film movement. Because of the limited scan angle of the lens,
a roll joint (Z) was incorporated in the structure to increase the scan capability. The effective
focal length of the optical system was 66 inches.

The LANYARD camera system had been intended for interim use only until the Air Force’s

spotting camera system GAMBIT (KH-7) was fully developed and operational. There were three
launches of this system; program flight numbers 61, 64, and 68 on the dates 18 March, 18 May,

and 30 July 1963, respectively. The first vehicle failed to achieve orbit due to failure of hydraulic

steering on the Agena booster. The second achieved orbit but the camera never received the
turn-on command—the satellite reentry vehicle (SRV) was recovered after 33 revs. The third
achieved orbit and the camera functioned, but only for 23 revs. The system was designed for a
4-day mission but with indication of camera failure, the RV was brought in after 32 revs.

The photography had covered 450,000 square nautical miles primarily of communist areas for
intelligence purposes. The LANYARD system did not have an active thermal system to control
focus and as it turned out on the abbreviated mission, none of the photography had been collected

at best focus. However, the using community recorded examples wherein the design specification

of 5-foot GRD had been achieved.
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By mid-1963, after 68 of the program total of 145 flights, the CORONA program had launched
systems consisting of 24-inch single panoramic cameras [C, C’ (or C prime), C*”’ (or C triple
prime)], twin 24-inch panoramic cameras (MURAL), an ARGON Mapping Camera, the long focal
length panoramic camera LANYARD (L), and the Stellar Index camera,

Program flight number 69, launched on 24 August 1963, introduced the next major upgrading
of the CORONA system, the first configuration with two SRV’s, commonly referred to as buckets.
The new modified system, known as the JANUS or CORONA J-1 (Fig. 1-17), retained the MURAL
stereoscopic camera concept, but now with two SRV’s in the system, the film capacity was increased
to 160 pounds, approximately 32,000 feet of film per mission. Also, on the dual recovery series,
two Stellar Index subsystems were carried on each vehicle, one 5l feeding ifs film into SRV-I,
the second into SRV-IL

The SI cameras were carried on most CORONA flights between February 1962 and August
1967, at which time a new SI camera came into use. This camera was developed by the Fairchild
camera and Instrument Company (FCIC) under contract to SAFSP. In an effort to upgrade the
frame camera performance for the MC&G community, the focal length of the terrain camera was
increased to 3 inches (as on the ARGON), two stellar cameras with 3-inch focal length lenses
were incorporated, and the film width for the terrain or down-looking camera was increased from
70 mm to 5 inches. The new camera had the designation of Dual Improved Stellar Index Camera,
commonly referred to by its acronym DISIC. The DISIC resolution was 30 to 60 meters (110 to 200
feet). Coverage was world-wide, initially providing supplementary coverage to main camera
imagery for accurate geographic orientation—Ilater versions could be operated independently,
exclusively for mapping purposes. Six DISIC cameras were launched on the CORONA, J-3 or
CR series (Fig. 1-18), the first on program flight number 120 on 15 September 1967, the last
on program flight number 134 on 23 July 1969. The next nine CORONA missions carried a mix
of the 38-mm SI’s, the last two missions flew without an SI of any description.

The J-3 or Constant Rotating (CR) system was the last in the CORONA evolution. Apart
from the significantly improved photographic capability of the hardware, the most significant
advance represented by the J-3 was in the flexibility it allowed in command and control of the
camera operations.

There were a total of seventeen J-3 systems flown. The recovery of the last J-3 imagery
on 31 May 1972 brought to a close the active portion of the CORONA program, though most of the
personnel who had gained extensive experience continued in important roles on other space
programs. The technological improvements engineered under CORONA advanced the system
from a single, vertical pointing panoramic camera having a design goal of 20 to 25-feet ground
resoclution and an orbital life of 1 day, to a twin camera panoramic system producing stereo-
photography. From this point, it became a dual recovery system with an improvement in ground
resolution to approximately 7 to 10 feet with twice the film load, to finally the J-3 system with a
constant rotator, selectable exposure, and filter controls, planned orbital life of 18 to 20 days,
and yielding nadir resolution of 5 to 7 feet. If is important to note that the focal length remained
constant at 24 inches throughout this evolution. The dramatic increase in performance was
brought about through improvements in design, manufacturing and testing, improvements in
thermal design together with a better understanding of orbital temperature effects on focus,
new/improved films and processing, and improvements in the orbital vehicle stability.
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L System Mockup View of Large Berylium Mirror

Z-roll Joint System in Test

Fig. 1-16 — LANYARD (KH-6) Panoramic Camera System
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Fig. 1-17 — Artist’s view of the J-1 (KH-4A) Camera System with dual SRV’s
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The totality of CORONA’s contributions to U.S. intelligence holdings on denied areas and to
the U.S. space program in general is virtually immeasurable. IIs progress was marked by a
series of notable firsts: (1) the first to recover objects from orbit; (2) the first to deliver
intelligence information from a satellite; (3) the first to produce stereoscopic satellite photo-
graphy; (4) the first to employ multiple reentry vehicles; and (5) the first satellite reconnaissance
program to pass the 100+ mission mark. The CORONA program synopsis is presented in
Fig. 1-18.

By March 1964, CORONA had photographed 23 of the 25 Soviet ICBM complexes then in
existence; 3 months later it had photographed all of them. The value of the CORONA derived
intelligence effort is given dimension by this statement in a 1968 intelligence report: “No new
ICBM complexes have been established in the U.S.8.R. during the past year.” This statement
was made because of the confidence held by the analyst that if an ICBM complex were there, then
CORONA. photography would have disclosed it. In addition to the program’s intelligence contribu-
tions, it must not be overlooked in summarizing that the CORONA vehicle had been the carrier
for mapping cameras during the initial decade of satellite reconnaissance.
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Fig. 1-19 — CORONA Program synopsis
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Thus, the program that was so “informally” started as an interim, short-term development
had performed superbly for a decade. As recounted recently by Mr. James Plummer, initial
Lockheed CORONA Program Manager (now Executive Vice President of Lockheed Missiles and
Space Company), “The streamline management techniques and the later incentive contracting
methods developed by the CIA and Air Force, in my mind, were as important as the technical
problems that were presented in this new field.”

Near the close of the program, as previously mentioned, it was suggested by General Lew
Allen, Jr., then Director of SAFSP, that a history should be compiled to preserve details of this
pioneer in satellite reconnaissance. In response, under CIA sponsorship, a classified history was
published and a classified movie was made entitled “A Point in Time.” In addition, using recov-
ered hardware from the last flight, development models from the J-3 program, and photographic
records from the memorable flights, a classified museum display was set up in the National
Photographic Interpretation Center (NPIC}), Washington, D.C. (see Fig. 1-20). In his speech
dedicating the museum, Mr. Richard Helms, the Director of the Central Intelligence Agency, said:

“It has been confidence in the intelligence estimates that has allowed

President Nixon to enter into the Strategic Arms Limitation Talks and’ l

to sign the Arms Limitation Treaty this month, There can be no doubt
that the photoreconnaissance satellite represents the primary means

of verification for SALT or that CORONA, the program which pioneered
the way in satellite reconnaissance, deserves the place in history which
we are preserving through this small museum display.”

“A Decade of Glory as the display is entitled, must for the present
remain classified. However, as the world grows to accept satellite
reconnaissance, we hope it can be transferred to the Smithsonian
Institute where the American public can view the work, and the men
of CORONA, like the Wright brothers, can be recognized for the
role they played in the shaping of history.”
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Fig. 1-20 — CORONA Program museum display
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THE DEFENSE WEATHER SATELLITES

Note: The Defense Meteorological Satellite Program (DMSP) has con-
tinued to provide valuable support to the reconnaissance satellite
programs over the years, including of course the HEXAGON Mapping
Camera Program. For this reason, following the discussion of early
program development, a synopsis is provided covering DMSP advance-
ments in technology and performance. (See Fig. 1-21.)

The justification for development of a military weather reconnaissance satellite lay not
solely in the possible delay in NASA NIMBUS* operations, but in two other factors not generally
recognized outside the National Reconnaissance Program !® First, in 1961, CORONA was starting
to return regular packages of photographs of the Soviet Union, and the percentage of cloud-free
coverage in the photography seemed likely to improve if timely weather information could be fed
into the CORONA operations program. There was an excellent possibility that political objections
to NIMBUS operations might limit the quality and quantity of information made available to the
U.S. military services. Therefore, CORONA (and other military reconnaissance satellites pro-
grammed for ldater operations) could well be handicapped if they had to depend on data abstracted
from a weather satellite program controlled by individuals who honored the “space for peaceful
uses” theme NASA continued to proclaim. Second, the timing and quality of weather reconnais-
sance could not be guaranteed if NIMBUS or some successor civil system were the provider; the
operators of various reconnaissance satellite programs were unlikely to have much influence on
the operational control of the satellite or on the disposition of its products. If reconnaissance
authorities did intrude, there was the danger of public protests that would in effect advise the
Soviets that the United States needed weather information (chiefly cloud cover data), and hence
presumably was operating reconnaissance satellites. In the early 1960’s, those operations had
gone underground and there was no immediate prospect of their surfacing in the near future.

As early as 17 November 1960, while the SAMOS program reorganization was in progress,
but before the unique structure of General Greer’s organization had been clearly established, the
Radio Corporation of America (RCA) had proposed to the Air Force the development of a cloud
cover reconnaissance satellite system,

The submission, which went to General Greer’s deputy, Colonel H. L. Evans, envisioned a
300-pound payload of television components, two readout stations, a satellite control center, and
contractor provision of cloud cover analysis services. RCA urged that the system would fill a
functional gap in the array of military satellites by exploiting techniques and equipments, many of
which had been flight proven in the course of NASA’s TIROS weather satellite program. The use
of proven or “off-the-shelf” system elements was a particular attraction to both the Directorate
of Defense Research and Engineering (DDR&E) and the Undersecretary of the Air Force,

Dr. Charyk, who had recently acquired cognizance over the total reconnaissance satellite program.
Even as early as November 1960 it was clear that both of these authorities would have to approve
before a system could be funded for development.

*NIMBUS was a NASA “advanced” weather satellite that orbited the earth at an altitude of
500 miles in.a north-south direction, taking a band of pictures during each orbit. NIMBUS was
equipped with solar panels for electrical power and a horizon scanner to keep the camera pointed
toward the earth. Through the system’s television cameras, picture signals were sent to an on-
board tape recorder where they were stored until “played back” on command from the ground.
NIMBUS also carried a radiometer to measure infrared waves coming from the earth,
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Appreciating that more was involved than merely evaluating a contractor proposal for a new
satellite system, Colonel Evans and his immediate staff devoted some 2 months to its examination
and to considering how they might overcome some obvious obstacles to securing system approval.
The chief technical difficulty was selecting a launch vehicle; the proposed payload was too heavy
for any of the available probe rockets and too light to warrant use of the Thor-Agena. Piggy-back
modes were considered in detail and then discarded because of their possible degrading effect on
the basic Thor-boosted satellites—which were mostly carrying CORONA payloads.

Having weighed all the available evidence, Colonel Evans in February 1961 suggested to the
chief of BMD’s Scout booster office, Lieutenant Colonel D, A. Stine, that it might be feasible to
develop a variant of RCA’s proposed cloud cover satellite for launch via the Scout. A successful
combination would be relatively inexpensive, both in payload and booster elements, and it would
serve a highly useful function in supporting a variety of Air Force missions—including SAMOS.
At Colonel Evans’ direction, Stine and his program office people, with the continued assistance of
RCA consultants, put together and formally submitted a preliminary development plan. In endors-
ing it, Colonel Evans directed that it be expanded to include provisions for testing direct readout
techniques during system operation.

After surviving a massive overhaul of the Air Research and Development Command in
April 1961, and reassignment of some programs, the cloud cover satellite attracted the personal
attention of Undersecretary Charyk. On 21 June in the aftermath of a presentation involving
several of the “Five Year Plan” systems, he quietly abstracted the main elements and told
General Greer’s group to put together a “minimum” proposal involving a four-vehicle program,
Five days later, Greer approved the “minimum plan” drawn up by his people and sent it forward
to Charyk, On 11 July, Charyk submitted it to the DDR&E with a request for approval and funding.

By 15 July 1961, Dr. Harold Brown, DDR&E Chief, had advised Charyk that he would support
the “minimum program” if it could be clearly demonstrated that the system had advantages over
an expanded TIROS development. The Undersecretary convinced Brown during a conversation on
19 July and later that day telephoned General Greer that DDR&E had approved the proposal-—
subject to a set of special conditions. Those conditions, though unusual, were nonetheless implied
by elements of the development plan and by the 12 July instructions on program security. Essen-
tially, the program was to be based on fixed price contracts, was to be continued only so long as
flight schedules remained valid, had to be entrusted to contractors aware of and willing to accept
the schedule requirements, and was to be given a new home and conducted under special security
provisions. The purpose and effect of the qualifications were clear: in no manner was the
“normal” Air Force to become aware of the program’s objectives, schedules, or techniques. Use
of the widely known term “MISS” (Meteorological Information Satellite System) was to cease.*

A special security policy statement that achieved the desired ends was prepared on the day
the instructions arrived in Los Angeles. Like the basic SAMOS under which it now sheltered, the
program was exempted from customary review and approval channels, from routine reporting
requirements, and from the halo of publicity routinely erected over any military space program
that received significant funding support.

* «“MISS” was earlier used as the acronym for the abortive “Man In Space Soonest” proposals
of 1958-1959.
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Fig. 1-21a — Early weather reconnaissance
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Fig. 1-21c — DMSP System network

BYEMAN/TALENT HOLE

CONTROL SYSTEMS JO

L Approved for Release: 2022/02/25 C05099307



Approved for Release: 2022/02/25 C05099307

FOP-SECRET/RUFF/GAMBIT/HEXAGON MCS HISTORY

In the next two weeks, the program acquired: a director, Lieutenant Colonel T. O, Halg;
a name, Program 35;* a cost structure derived from payload (RCA) and vehicle contractor
(Chance Vought) data; and a set of accepted procedures. In point of fact, full and final approval
from DDR&E still had not been received, but there seemed little doubt that it would come,

Dr, Brown on 5 August approved the program Charyk had proposed. Later that day the Air
Force Undersecretary telephoned General Greer the authorization to proceed with contractual
commitments as appropriate,

By 31 August, Colonel Haig’s embryonic program office had prepared a highly detailed
development plan—in three copies circulated only to those with a “must know” status. The docu-
ment defined the purpose and approach of Program 35, as then understood, and identified the chief
technical and operational characteristics of the satellite development.

The goal of Program 35 was a weather observation satellite system that would enhance the
effectiveness of SAMOS operations and improve the accuracy of cloud cover predictions for other
military satellites. The development was necessary, in large part, because the extant NASA
programs had deficiencies in program development time scales, security, and program manage-
ment controls.

The 120-pound satellite, a 10-sided polyhedron 23,5 inches across and 21 inches high, was to
be spin stabilized on an axis perpendicular to the plane of the orbit. The camera, fixed at 90
degrees from the spin axis, would point directly toward the earth once each time the satellite
rotated, At programmed intervals, the television camera would take pictures of an 800-mile-
square area on the earth, the exposures being made when horizon sensors indicated that the lens
was vertical fo the earth, The images could either be recorded on tape or read out by any suitably
equipped ground station within range, Spin axis orientation was to be controlled by a magnetic
torque system developed by RCA and proposed for NASA’s TIROS I. NASA had rejected the
technique as impossible.

With the satellite in a sun-synchronous 400-mile polar orbit, the system would provide 100
percent daily coverage at latitudes above 60 degrees and 55 percent coverage at the equator. When
readout was undertaken during the western hemisphere portion of a pass that included photography,
video data on eastern hemisphere cloud cover could be transmitted to the Global Weather Center
at Offutt Air Force Base within one hour of its being observed. In a less favorable pass sequence,
readout would always be possible within three orbits of sensor activity. Should it prove desirable,
either for test purposes or for an actual operation, a direct real-time readout mode could be
employed to feed cloud pictures to any ground station within range,

None of those who designed the program expected to encounter any serious technical prob-
lems during development. The TIROS type cloud cover sensor system had been flight proven,
The Scout vehicle had been little tested but seemed potentially reliable enough (five successes in
seven flights). The satellite would rely on proven satellite control and readout systems and
stations, with standard airborne command, control, and readout components from such programs
as ADVENT and MIDAS completing the technical equipment. Although much of the equipment was
experimental in character, it did exist and it was available from contractors who had experience
in its fabrication.

* At various times, the Air Force-DoD weather satellite program was known as Program 35
Program 698 BH, and Program 417,
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Funds were to come from SAFSP resources through an SSD channel, with program manage-
ment entirely concentrated in the program office. The contractor structure included RCA
(spacecraft), Chance Vought (prime booster contractor), Minneapolis Honeywell (guidance and
control), and (as solid fuel rocket fabricators) Aerojet General, Thiokol, and Allegheny Ballistic
Laboratories of Hercules Powder Company. Assembly, checkout, and launch were responsibilities
of the 6565th Test Wing (later the 6595th Aerospace Test Wing), under SSD control, Satellite
control functions were to be exercised by the Satellite Test Center at Sunnyvale. The Air Weather
Service would do weather analysis in the Global Weather Center located in the SAC underground
headquarters at Offutt Air Force Base, Nebraska.

The actual payload, weighing 120 pounds, would consist of a vidicon-camera recorder system
similar to the wide angle sensor used in TIROS I and II, plus stabilization and control devices.
RCA estimated the sensor system would have an orbital life of 30 days.

The ingenious attitude control system depended on torqueing the axis perpendicular to the
orbital plane through an electric-current loop around the perimeter of the satellite. The torque
was generated by a command that caused current to flow around the loop in the desired direction.

Spin-up during injection of the fourth stage and payload into final orbit was followed by a
decrease to 12 revolutions per minute under the impulse provided by a system of “yo-yo” weights,
After rotation speed decreased to nine per minute, spin-up rockets could be used to re-energize
the satellite,

Pulses generated by the horizon sensor drove a specialized computer which triggered the
camera. The recorder component was capable of storing 32 frames of information. Seven frames
were required to cover the area of interest for each pass, but the probability of exposing the first
frame was only 50 percent, therefore fixed sequences of eight frames were planned.

Changes from the TIROS transmitters were mostly in the direction of transistorizing.
Performance was little affected, although both weight and power requirements decreased. The
transmitter broadcast a 62.5-kilocycle bandwidth signal at 250 megacycles per second. Frequency l
modulation would permit a total output bandwidth of 290 kilocycles with 2 watts of output power.
The video data were to be collected by existing 60-foot antennas at Vandenberg and New Boston. '

For practical purposes, the program office had not come into existence until August 1961
although the first flight was firmly scheduled for May 1962. In the months that followed there were
serious development problems with the fourth stage rocket motor, and interorganizational matters
with NASA had to be worked out.

Notwithstanding the many difficulties, the program continued its pace toward a May launch.
On 25 April the first West Coast Scout launching failed from improper functioning of the third
stage. By 1 May the initial Program 35 Scout had been mated with the first “operational” payload
on the pad at Vandenberg. There was a dress rehearsal on 7 May and a launch attempt on 13 May,
scrubbed because of various technical problems. Ten days later, after minor holds, the first
Program 35 vehicle lifted off the launch pad. A catastrophic failure during second stage burn
ended the test.

Following a strained relationship between the Air Force and NASA, the issue of Scout
responsibility was settled on 21 June 1962 by means of formal agreements which conceded control
of virtually all Scout matters to NASA, including general configuration, modification, launch stand
procedures, and most related topics,

50W-23422/82

BYEMAN/TALEN OLE

CONTROL SYSTEMS JOI

104
Approved for Release: 2022/02/25 C05099307



Approved for Release: 2022/02/25 C05099307

JOP-SECRET/RUFFHGAMBIT/HEXAGON™ MCS HISTORY

Following modifications, revisions, and overhauls, and 11 launch attempt cancellations for
several reasons, on 23 August the second Scout with payload was successfully launched and the
payload went into a near optimum orbit, in spite of numerous failures or anomalies as discovered
during post-launch booster performance analysis. Direct readout was successfully attempted over
the New Hampshire station on 26 August and on the following day the first remote readout data on
cloud cover over the Soviet Union was taken from the same point in orbit,

With the potential of the satellite thoroughly proven, it was becoming increasingly clear
that the greatest danger to continued program success lay in the ineffectiveness of the Scout
booster. Studies of alternatives included initially the Thor-Delta (Thor with a Vanguard upper
stage) and later were expanded to include Thor-Able Star (Thor with an Aercbee upper stage) and
Thor-Agena (the combination used in Program 162, still known as DISCOVERER),

The great talking point still was the first satellite, vehicle 3502, which after 137 days and
1968 orbits (as of 7 January 1963) was returning better cloud cover information than immediately
after its launch.

SAC’s interest in the 417 satellite (as it was now called) had increased considerably after
exposure to early results. The 417 represented a near perfect training device for space operations,
being stable, dependable, and relatively uncomplicated. Operation by a field command was not
particularly dangerous for the vehicle on orbit. (Haig called the 417 satellite “idiot proof”.)
Perhaps most important, the system was inexpensive to operate and maintain, Finally, there was
increasing pressure from the Navy and the Strike command for a tactical readout system, The
Air Force had a small but significant investment in ground stations (and one that would not become
rapidly obsolete, either) which underlined the importance of continuing an active space program,
There was a substantial opportunity for inexpensive experimentation. Taken together, these
represented solid arguments for continuing, indeed, for expanding, 417. So long as it retained its
basic characteristics of simplicity, reliability, and economy of operation, it remained attractive,

Colonel Haig seemed convinced, even this early, that the eventual salvation for 417 lay in
adoption of a new booster. The studies begun the previous month had identified the Block II Thor
(with Bell Telephone Laboratories guidance) and the Agena D as the most economical booster
combination. The two provided the greatest injection accuracy, highest theoretical reliability, and
heaviest payload potential of all the systems examined.

On 18 February the second 417 satellite went into orbit. I was not placed as accurately as
the first, being 50 miles low in apogee and 140 in perigee, as well as having a 2-degree inclination
error. Analyses indicated that each of the first three stages had performed badly—although the
AB6X-259 third stage engine was the chief offender. The satellite’s functioning was generally
acceptable, even under such handicaps, until late April, when the primary tape control circuit
went bad, eliminating the bird’s ability to store primary data. The direct readout mode remained
operational and 80 percent effective. By September 1963, however, the satellite would have gotten
so thoroughly out of phase with the sun that a 180-degree reorientation would be necessary.

The February 1983 launch (operation 0240) proved the feasibility of still another innovation
in cloud cover reconnaissance. Nearly a year earlier, the program office had undertaken a study
of radiation measuring subsystem devices which by registering background radiation from the
earth’s surface could identify night cloud cover. The small investigation had been stimulated by
General Greer’s observation, in March 1962, that it was unfortunate that a cheap infrared system
was not feasible,
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In the course of their inquiry, program office people discovered that Dr. V. E. Sumoni of
the University of Wisconsin had produced a prototype and one flight model infrared sensor for the
Explorer program. Because of changes in that NASA activity, the sensor had never been orbited.
It had every indication of meeting the requirements for a secondary payload for the 417 spacecraft,

On 3 September 1962, the program office let a low cost contract covering rehabilitation of
Sumoni’s prototype and tentatively scheduled it to be flown on the fourth 417 satellite (0240). By
December 1962, test results were so promising that contracts were let covering the design,
development, and test of five additional subsystems (one prototype and four flight versions) for use
with the second group of four 417 spacecraft, then on order.

All went well and the first Sumoni radiation measuring subsystem was aboard 0240 for its
February 1963 launch. The device functioned perfectly; by May 1963 infrared data were being
routinely extracted and the system still was 95 percent operational. It continued to function until
January 1964,

From the data obtained through the Sumoni system, the Third Weather Wing, using computer
programs written entirely by Air Weather Service personnel, produced daily operational maps of
cloud cover throughout the entire period from October 1962 through January 1963—the span of the
Cuban missile crisis and the immediate aftermath. The technique was so successful that extension
of the infrared measurement program was subsequently approved and it acquired the role of a
semi~permanent element in the total 417 systems.

The general notion, by early March 1963, was that use of Thor-Agena as a booster would
provide enough additional lifting capacity to permit launching a new satellite based generally on
417 technology but also incorporating the best proven features of TIROS, NIMBUS, RELAY, and
other satellites into a system with minimum requirements for a long and costly development
process. The general proposal, known as 417-1, had all the operational potential of NIMBUS plus
circuit redundancy which promised enhanced reliability.

The proposal to develop 417-1 also had attractions other than technical. General B. A,
Schriever, Air Force Systems Command Chief, heard the 417-1 presentation on 15 March, indicated
that he was “intensely interested,” and asked that he be provided with a formal development plan
at once.

The appearance of two viewpoints on how 417-1 should be conducted recpened all the past
arguments about the need for a secure system for military weather reconnaissance. Nevertheless,
there were sound indications that Ruebel of DDR&E seriously planned to substitute 417-1 for
NIMBUS. The problem was how.

Dr. Charyk was thinking less in terms of a substitute for NIMBUS than a basic 417, improved,
modernized, and mated to an improved Scout booster. The details of 417-1 were far from certain,
Charyk having expressed marked reservations about the cost of using Thor-Agena, the redundancy
of a stabilized Agena, and the prospect of high command and control costs if Agena were employed.

On 26 April, the fourth attempt to orbit a 417 satellite ended in loss of third stage thrust 8
seconds before the scheduled burnout followed by violent tumbling and total destruction of the upper
stage and payload.

By early May 1963, the generally unsatisfactory characteristics of the Scout booster had
received widespread recognition. Quite apart from the impulse to go to a more powerful booster
as a means of putting a heavier and more sophisticated payload into orbit, there was a general
determination that either Scout would be significantly improved or the Air Force would go to a
more reliabile vehicle,
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On 11 July 1963, after nearly 10 months of circling the earth, the original 417 satellite
{(vehicle 3502) responded to ground commands for the last time. Attempts to recapture control by
reorienting the bird were unsuccessful later that month forcing the ground controllers to postpone
further efforts until the satellite assumed a more receptive attitude as a result of its gradual
change of position in orbit. Concurrently, the program office suspended operations involving the
second satellite (vehicle 0240) for intervals of 2 or 3 days at a time—and by that time 0240 was
functioning only in the direct readout mode,

Almost unnoticed in the mounting clamor against NASA’s handling of the Scout problem, the
Strategic Air Command on 12 July 1963 began operating the first two military readout stations,
one at Fairchild AFB, Washington, one at Loring AFB, Maine. The transition from contractor to
SAC operation of the readout stations marked a major turning point in the evolution of an Air Force
space capability.

After months of controversy and rework of the Scout booster scheduled for the next launch,
Scout 132 (the launch crew had come to refer to it as the X-132), the fifth 417 launch, was attempted
on 27 September 1963. This ended in failure due to a malfunction of the third stage control system
arising from a premature loss of hydrogen peroxide.

On 3 October, 6 days after the launch disaster, Colonel Haig briefed Undersecretary
Dr. Brockway McMillan on the launch and on program status, McMillan seemed to favor a booster
other than Scout. His instructions to Colonel Haig were that he should continue with plans for at
least one more Scout-boosted program launch, to complete study and planning for a single trial
launch using the Thor-Agena combination, and to complete the study of Minuteman potential.
MecMillan had been rather specific in another direction, Haig had orders to work out an estimate
of the money that could be recovered by a complete cancellation of Scout procurement,

The prospect of continuing with Scouts in their current configuration apparently was closed,
On 7 October, acting on instructions from Colonel Haig, the Scout directorate at SSD formally
cancelled the last two vehicles on the original delivery order and all six of the follow-on order,
A stop work order was issued to cover all vehicles subsequent to number 134—Ilater extended to
include 134,

On 23 October 1963 McMillan ordered immediate cancellation of all activities connected with
the Scout booster, immediate effort to recover every possible dollar from NASA, and assignment
of a Thor-Agena from “available resources” to support a December or January 417 launch. The
launch was to be in a dual payload configuration originally described by Haig during his 3 October
presentation. Development of the “optimum payload capability” was also authorized in the
Undersecretary’s 23 October instructions.

“Complete and immediate” termination orders went to NASA early on 25 October 1963, Thus
ended the Scout phase of Program 417, In five attempts, the program office had one unqualified
success, one partial success, and three catastrophic launch failures. The satellite had operated
marvelously well, considering the difficulties in launch phases.

To the credit of the Scout phase, the program office had a remarkable record of cost
effectiveness, had functioned with a combination of fewer inhabitants and larger responsibilities
than any other space vehicle development in Air Force history, and had progressed from concept
to satellite in orbit more rapidly than any other earlier organization. Few of the people who
operated the program office and developed the satellite were briefed on the existence of such
programs as GAMBIT and CORONA. It must be recalled, however, that until 1963 the original
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SAMOS program maintained an official existence, and most Air Force people, unaware of the
GAMBIT and CORONA programs, assumed that SAMOS, in one of its several incarnations, was the
intended beneficiary of satellite-based weather reconnaissance. The P-35 system, as it was
originally called, had operated under ordinary but rigidly enforced security controls and was not
incorporated in the BYEMAN control system although access to information about the program was

closely controlled.
XXXXXX

The program transitioned to the Thor booster in 1964 and continued to use it until 1980.
Program 417 had two launches on the Thor-Agena with two satellites each——F-6 and F-7 launched
on 19 January 1964, F-8 and F-8 launched on 18 June 1964. Both launches were successful and the
satellites exceeded their expected lifetime,1®

A new solid fuel upper stage called “Burner I” was used for the launch of F-10. The
satellite failed to separate from the upper stage resulting in mission failure. Burner I was used
successfully through the remainder of Block II, with the last launch in 1966,

The Block I and Block II Program 417 Satellites (1962-1966) were limited by on-board
recorder capacity to 7 or 8 pictures of approximately 750 x 750 nm each. Lens characteristics
and earth curvature resulted in imagery which was badly distorted geometrically, requiring
skilled personnel to manually interpret each picture. The limited area covered by each picture
did not provide contiguous coverage on successive orbits except at high latitudes. Infrared instru-
ments introduced late in the series provided only a crude measure of the temperatures of the
cloud tops with area coverage at extremely poor resolution (115 nm x 115 nm) and a single strip
through each visible picture at a resolution of 2 nm. These early attempts at IR measurements
clearly illustrated the value of IR data and provided the basis for later sensor technology and data
interpretation methods,

The Block 4 series (1966 to 1970) provided much improved area coverage through the use of
two vidicon camera systems offset left and right of the orbit track. Tape recorder capacity was
increased to provide on-board storage for 54 picture pairs. Block 4 therefore provided contiguous
coverage on successive orbits and storage capacity sufficient to provide coverage during the 3 to
4-orbit periods when ground station contacts were not available. IR technology remained essen-
tially the same as the early configuration except that the system was wupgraded to provide four
2-nm resolution stripes instead of one.

Other improvements in the Block 4 series included magnetic momentum or spin rate controls
eliminating the expendable spin rockets, and a Boeing-developed upper stage for the Thor launch
vehicle called Burner II. Orbit weight for Block 4 was 160 pounds.

During the Block 4 series, the program office, under the direction of (then) Major John E.
Kulpa, Jr. since January 1965, was working on a revolutionary new concept for the DMSP system.
The concept involved replacement of the vidicon camera system with a mechanically scanned
radiometer to provide high-quality, distortion-free imagery in both the IR and visible spectral
bands. The visible imagery would also be provided on the night side of the orbit under moonlight
illumination conditions. The spacecraft would be three-axis stabilized in order to support this
new sensor system. Following studies, and a SPO/Aerospace demonstration of the concept aboard
an Air Force T-39, contracts were awarded to RCA for the new spacecraft and to Westinghouse for
the sensor and ground display equipment. This new Block 5 spacecraft provided a continuous strip
image 1,600 nm wide in both IR and visible at a resolution of 2 nm, night and day. Tape recorder
storage was sufficient to provide global coverage. In addifion, the Eurasian land mass could be
covered at a resolution of 0.3 nm in the visible and, later in the program, both IR and visible.
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The Block 5 system had few limitations. By the time the system had evolved fully there was
no limitation on the local time at which the spacecraft could operate. In fact, excellent imagery
could be obtained with the spacecraft over the terminator where one side of the picture was
illuminated by sunlight and the other side by moonlight. The high quality imagery and operational
flexibility provided the ability to operate a spacecraft at any local ascending node time to provide
optimum support to the HEXAGON program. Normal operational configuration was one spacecraft
in the early morning for forecast and one near noon for forecast verification.

The first three Block 5 spacecraft were launched on the Thor Burner II developed for
Block 4. As additions and improvements were made, the spacecraft weight increased from 250
pounds (Block 5A) to 450 pounds (Block 5B and C) requiring an additional stage to be added to
Burner II (Burner ITA). Operational experience with the Block 5A, B, C series suggested further
development of meteorological satellites and the methods for application of the data products., The
imagery for Block 5A, B, and C was of excellent quality but not perfect. Due to the geometry of
the orbit and sensor characteristics, the resolution at end of scan was lower than the center. This
resolution variation and analog methods for on-board stage and data transmission frustrated the
Air Weather Service attempts at computer automation of the data analysis task. A new sensor
concept was developed in the early 1970’s that compensated for the edge-to-center resolution
variation. The utilization of advanced digital technology and digital tape recorders could provide
the data in a computer compatible digital format directly from the spacecraft. All sensor function,
i.e., optical system, data formatting and storage, data acquisition control functions, etc., were
combined into a self-contained system called the Operational Linescan System (OLS).

The attitude control accuracy of the Block 5A, B, and C satellites provided geographic
location of the picture with a maximum error of 5 nm at the center of the picture swath degrading
to 25 nm at the edge. This error was not a major problem for manual interpretation methods since
landmark recognition could be used as a reference. However, for automated analysis methods
more accurate control of spacecraft attitude was considered necessary in order to eliminate the
reference to landmarks.

The combination of a spacecraft designed to provide a high precision attitude control and the
new constant resolution (all digital, OLS sensor) were the drivers for an entirely new system
called Block 5D. The Block 5D spacecraft includes three major departures from previous DMSP
designs: (1) the attitude control system is referenced to the stars rather than earth horizon in
order to provide the required pointing accuracy (0.01° 3 axis), (2) the two upper stages of the
launch are integrated into the spacecraft along with an inertial reference package that is used both
during ascent and on-orbit (the 5D spacecraft is essentially an orbital stage), (3) the spacecraft
has redundant systems where all previous designs were single string. In order to tie all these
features together and provide the computations necessary to translate for celestial coordinate to
earth coordinates, all spacecraft functions {orbit and boost) are controlled by on-board computers.

The first of the Block 5D series was launched in 1976. There have been five launches, the
fifth, launched in May 1980, failing to achieve orbit due to an upper stage problem. The four
successful spacecraft provided excellent data with all but one spacecraft exceeding or equaling
their expected operational life, '

The Air Weather Service has never fully utilized the capabilities of Block 5D. The fully
automated processing of high resolution imagery exploiting the precision geographic accuracy of
Block 5D has not been demonstrated. However the constant resolution of the OLS sensor has
significantly improved some of the automated products over the products derived from the earlier
Block 5A, B, and C satellites.
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All DMSP satellites since Block 4 have provided direct readout capability to tactical users
throughout the world. All of the Block 5 series have provided this data in an encrypted digital
format.

There has been an increasing number of other sensors aboard DMSP satellites to support
other Air Weather Service requirements. These sensors provide information on atmospheric
parameters such as vertical temperature and moisture profiles and ionospheric parameters such
as electron density.

DMSP plans to continue with upgraded versions of the Block 5D spacecraft indefinitely. The
program will transition to the Altas booster in 1982 for the remainder of the Block 5D Program,
Changes are planned only to improve operational life and incorporate improvements in encryption
and survivability. No major change in the cloud cover imager is planned. Changes or additions
to the other mission sensors are planned or are in study. This includes the use of microwave
techniques for measurement of rainfall, soil moisture, and sea surface conditions, and incorpora-
tion of improved ionospheric sensors,
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THE GAMBIT PROGRAM

Note: GAMBIT, still operational after approximately 18 years, was the
first operational American satellile system to return high resolution
photography,. It is the only remaining operational system from the early
satellite reconnaissance programs. During its developmental and
operational life, GAMBIT was identified by several identifiers other than
its code name, “Cue Ball” and Program 206 were, respectively, the
classified non-Byeman cover names and the white program designators.
The successor surveillance satellite in the National Reconnaissance
Program was GAMBIT-3, also informally referred to as Program 207,
ADVANCED GAMBIT, and 23 or “G Cubed,” Since GAMBIT is still an
active program, only a brief account of its development phase through
first flight will be related here. The GAMBIT (KH~T) payload configu-
ration is shown on the following page (Fig. 1-22).

On 24 March 1960, more than a month before the U-2 affair, Eastman Kodak had informally
submitted to the Reconnaissance Laboratory at Wright Air Development Division (WADD) a
proposal to develop a high-acuity 77-inch focal length camera for satellite reconnaissance
purposes. On 17 June, Eastman followed up the original submission with a relatively detailed
proposal for yet another recoverable reconnaissance system, this embodying a 36-inch camera
to provide convergent stereo coverage of the Soviet territories (this was to become the E-86,
previously discussed). Eastman called the system “Blanket.” Still later, on 20 July, Eastman
disclosed to WADD a second volume of the technical proposal, this covering the 77-inch camera
mentioned originally in March. Suggesting the same technical approach and many of the com-
ponents defined in “Blanket,” Kodak proposed a system capable of providing 2 to 3-foot resolution
for spot coverage of selected ground fargets. Alluding to the 77-inch focal length strip camera
and a currently popular television program, Eastman called the proposed system “Sunset Strip.”
Procurement of Sunset Strip work was to be undertaken through BMD channels and was to be
managed as part of the total SAMOS program rather than as a separate camera development
project. The shift of responsibility to BMD meant, in practice, that the existent SAMOS program
office became the Air Force focal point for Sunset Strip activity.!”

In November 1960, a new and highly significant innovation of early November meetings was
the proposal to use the E-6 program as a cover for development of the “Sunset Strip” system.
Dr. Charyk agreed with General Greer’s suggestion that Eastman develop the 77-inch camera
under the name Project GAMBIT—a term that Colonel Heran chose, and which was considerably
more meaningful than most code designations—while General Electric developed a suitable
reentry vehicle. By keeping the physical and environmental limitations of E-6 and GAMBIT
compatible with one another, it seemed possible to develop and test GAMBIT without any outward
indication that such a program existed.

By this time the proposed “Sunset Strip” development program was so widely known that it
would be necessary to invent and circulate a palatable reason for canceling an essentially reason-
able approach to satellite reconnaissance. Project personnel achieved that end by having BMD
terminate the Eastman study contract for “Sunset Sirip” with the excuse that “review of recent
proposals for the E-6 camera reveals that future study in this area (77-inch camera) is not
required.” Simultaneously, the SAMOS office drew up the first of its “black” contracts, authorizing
Eastman to continue the development as a covert effort.

BIE-O59W-23422/82

: BYEMAN/TALE HOLE

CONTROL SYSTEMS JOTRT&Y
111

Approved for Release: 2022/02/25 C05099307



Approved for Release: 2022/02/25 C05099307 '

Socket
mounting
Film supply ring
spool Slit aperture plate
Spherical
il bearing
Film chaute Film Electronic boxes

looper

Recovery
vehicle

T PP [t

/ /

assembly e -
L—Viewing~—-]

ort OCV  T7-inch lens Primary
Stereo servo P mirror cell
st . Primary Component
ereo structural support tube
mirror support ring

Fig. 1-22— GAMBIT (KH-17) configuration
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With GAMBIT, there came into being a tightly contained procurement and program manage-
ment capability that had no real precedent in the Air Force. Security requirements originating
in the President’s desire to avoid any implication of military operations in space became so tight
that the transition from “extremely secure” to “clandestine” and thence to “covert” was in some
sense inevitable, The political vulnerability of the widely publicized “E” programs made GAMBIT
even more important than would normally have been true, though the potentially very remarkable
performance of the GAMBIT system was in some respects a sufficient justification for emphasizing
that program.

As discussed in the E-6 section, the use of E-6 as a cover for GAMBIT had certain dis-
advantages that were recognized early. The desirable solution, suggested in Greer’s notes of
Dacember 1960, was total disassociation from the original SAMOS program. In November 1960
he had begun “black” contracting under the philosophy that since “everybody” knew it was impos-
sible for the Air Force to buy anything expensive without going through established review and
approval channels, one might do quite a lot of unsuspected buying and contracting by merely obtain-
ing a direct authorization. It occurred to him that the solution to the GAMBIT quandary might be
found in the same thesis. He thereby invented the concept of the “null program,” a development
with no known origin and no specified goal. If such a program were conducted under the aegis of a
highly classified payload, it should be entirely possible to purchase boosters, upper stages, and
launch services through normal channels. Because “everybody” knew that the entire reconnais-
sance satellite program was in Greer’s keeping, the assignment of “null program” responsibility
to the regular Space Systems Division (SSD) organization would serve to convince most observers
that it had to have some objective other than reconnaissance. Vague references to precise land
recovery {(a real but secondary objective of GAMBIT at the time) might serve to induce suspicion
that the “null program” actually had a “bombs in orbit” goal.

In July, the first moves toward establishing an activity called “Program 206” were taken.
Through the Air Staff, SSD received authorization to buy four “NASA type” Agena B’s for launches
starting in Januvary 1963-—the Agenas to be assigned to no particular space program “for the
present.” In August, Charyk sent 2 memorandum to the Air Force Chief of Staff which emphasized
the need to protect the USAF’s “capability to do future space projects” and which affirmed the
desirability of ordering six Atlas boosters (configured to accept Agena B’s) to be used starting
in February 1963. Again there occurred the phrase about “not assigned to a particular space
project.”

Having gotten a small batch of Atlas and Agena vehicles on order, SAFSP moved to the next
business-—formal creation of a “null project.” On 25 September 1961 the Air Force Vice Chief of
Staff directed General B. A, Schriever, AFSC commander, to establish “Project EXEMPLAR.”
That code phrase, which was classified confidential, was defined as covering four launches from
the Pacific Missile Range starting in February 1963. The authorizing message noted that the
Secretary of the Air Force had separately ordered the necessary Agena and Atlases “on an
unassigned basis.” ‘“They are hereby assigned EXEMPLAR,” the teletype read. The “white”
correpondence that was to be associated with Exemplar stated requirements for the usual sort of
elaborate documentation (development plans, cost projections, and the like) that had become
customary for new programs. All of the “white” elements were gathered under EXEMPLAR which
for reasons of administrative convenience had the additional and unclassified nickname “Cue
Ball.”* Colonel Q. A. Riepe was named the Cue Ball program director. A complex network of

*«Cue Ball” was chosen to add spice to conjectures about orbiting bombs and means of
returning them to precise sites on the earth.
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nominal and actual reporting channels linked Cue Ball to General Greer. (Greer then had an
additional duty assignment as Vice Commander of the Space Systems Division, although his
primary responsibility was still for the reconnaissance mission.)

As part of the cover plan, General Greer had decided to have Cue Ball broken up into two
elements, Program A and Program B. “A” would include the first four Atlas Agena vehicles and
“B” the remaining six needed for the approved 10-launch effort.

Although the Cue Ball plan was successful at getting the program under way, constant
maneuvering was required to keep the program funded under this disguise.

By mid-1961, the concept of GAMBIT development, and its technical details, had been worked
out in detail. Essentially, GAMBIT differed from E-6 (to which it still maintained a technical
likeness) in having substantially higher ground resolution, in possessing a capability for photo-
graphing specific targets which were off the immediate orbital track, and in being intended for
land recovery.

Because of its need for higher resolution, GAMBIT would fly somewhat lower than E-6, A
photographic altitude of 90 nautical miles was generally considered desirable. The resolution
requirement,over a period of several days, required more precise altitude control than in E-6 and
an ability to rotate the camera section about the vehicle’s roll axis. Land recovery implied
extremely precise deboost velocities and reentry programming,

GAMBIT mirrors were larger, made to closer tolerances, and lighter than in any previous
system. Thermal gradients between the reflecting surfaces and the rear supporting surfaces had
forced consideration of metal rather than glass backing, further complicating the problem,

The performance of the GAMBIT camera depended as much on vehicle stability as on any
inherent photographic quality. Pointing had o be extremely precise, requiring extreme accuracy
in the horizon sensors, and a stable platform gyrosystem that would allow the sensors to stay
locked on the horizon while the vehicle rolled to point toward targets on either side of the orbital
track. Because the ground swath width of GAMBIT cameras was only approximately 10 miles,
more photographs would be taken from a canted than from a vertical position,

The complexity of orbital operations derived from the inability of the launch system to put
the orbital vehicle on a predetermined orbit with the precision required by the narrow swath width.
Command programming had to be changeable in flight, and further complexity derived from the
need to set highly accurate roll positions for photography on either side of the vehicle’s track.

By 1962 it was determined that the GAMBIT system was 500 pounds over design weight, and
most of the overweight derived from complications introduced by the land recovery requirement,
Moreover, the reasons for distrusting air-sea recovery modes had become much less valid since
1960. Successful CORONA recoveries were proving to be less difficult as time passed. Over-
water recovery, as developed in the CORONA program, seemed a very simple process when
compared to the planned land recovery scheme, In its descent toward the ocean, a CORONA
reentry vehicle could safely shed all sorts of accessories—hatch covers, and the ablative cone
being the most obvious. Such jetsam fell into the ocean without danger to anything below, and then
sank into the secure obscurity of a cluttered sea bottom. A land recovery vehicle could shed
nothing that might come to earth as a lethal projectile which, if discovered, might breach the
security of the satellite reconnaissance effort, :
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On 24 August following additional briefings by Captain Frank B. Gorman (USN), General
Greer’s plans chief, and Colonel Riepe, Charyk authorized Greer to begin immediate development
of a CORONA type recovery system for GAMBIT, planning on a June 1963 first flight date,

On 30 October General Greer announced to members of the Program 206 office that
Colonel William G. King was assuming management responsibility for their project and that
Colonel Riepe had been detailed to a new and demanding SSD program.

One of King’s first moves after moving into GAMBIT management was to advise General
Greer that he thought the design of the adapted capsule represented much more of a change than
Greer had intended, After evaluating Greer’s recommendation that the entire 206 program be
transferred to SAFSP, Charyk concurred in the “desirability” of this move. Greer and King then
set about changing the technical character of GAMBIT.

There was more to “Hitchup,” as the notion of keeping the orbital control vehicle attached
to the Agena was called, than met the unwitting eye. An elaboration of the scheme involved use of
the “Roll Joint” coupling invented for LANYARD. Should the orbital control vehicle prove generally
unreliable, it might be possible to infroduce the LANYARD Roll Joint between the Agena and the
payload end of GAMBIT, eliminating reliance on the stability and control elements of General
Electric’s orbital control vehicle.

The chief difficulty in this idea was devising a non-compromising means of bringing the Roll
Joint part of the technique into the GAMBIT program. As was the case with the CORONA reentry
capsule, the Roll Joint was quite unknown to most GAMBIT people, and because of the security
compartmentalization that existed within the reconnaissance program structure, it seemed highly
unwise to disclose the existence of LANYARD to large numbers of GAMBIT workers. So “Charyk’s”
message of 30 November, actually written by General Greer, contained the “suggestion” that Greer
contact Lockheed about the Roll Joint as “. . . he {Charyk) believes a similar idea was once pro-
posed and possibly designed in connection with another space program.” The resulting cover story
was that Lockheed would be empowered to “develop” the earlier “idea,” delivering finished Roll
Joints to GAMBIT as though they were new items with no relationship to any other reconnaissance
program.

In a full scale program review on 14 December, additional measures for ensuring the success
of the first GAMBIT were proposed, one technical innovation being a Lifeboat provision. Life-
boat was another provision technique originated in the CORONA program; it involved the provision
of independent reentry command circuitry (including a receiver), a separate magnetometer, and
its own stabilization gas supply. All were independent of the main systems. If the primary reentry
systems became inoperative for any reason, Lifeboat could be separately actuated. The magne-
tometer used lines of magnetic force around the earth as a longitudinal stabilization reference,
permitting the device to place the Agena (or any other suitably equipped orbital vehicle) in a
proper attitude for the start of deboost, relying entirely on its own gas supply for attitude control
and a taped command sequence for the recovery process. In several experiences with CORONA
vehicles, Lifeboat had proved highly reliable.

On 19 December, the Undersecretary formally authorized the Lifeboat, Hitchup, and Roll
Joint expedients for GAMBIT. Lifeboat was to be a permanent part of the total system, Hitchup
was to be incorporated in the first four vehicles [but a determination on use would be made on a
flight-by-flight basis, while Roll Joint was to be developed as a bona fide operational substitute
for the OCV (orbital control vehicle) roll system].
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As vehicle and funding problems were being worked, the camera seemed to be coming along
nicely, demonstrating in tests an equivalent 2.7-foot ground resolution at better than 115 lines per
millimeter. The only problem that appeared to offer any particular difficulty was the motor speed
drive, and it was far from insurmountable. A mirror mounting problem, that had earlier given
trouble (and which was similar to a problem then holding up LANYARD), had been essentially
solved by November 1962,

One additional change in the basic configuration of GAMBIT was recommended in January
1963 and approved for adoption on 28 February. This was a stellar-index camera, earlier treated
as “purely an auxiliary” but now considered quite important. The National Photographic Interpre-
tation Center made the original recommendation, CIA’s Herbert Scoville endorsed it, and Charyk
approved its inclusion, The camera itself—developed for the CORONA MURAL—was to be pro-
cured through a black CIA contract with Itek, Because of procurement and instaliation delays
arising from the advanced stage of completion of the first lot of GAMBIT payloads, the fourth
GAMBIT was the first which could be scheduled to incorporate a stellar-index system.

By virtue of circumstances, the fourth GAMBIT vehicle became the first in what was
essentially a remodified configuration. Hitchup capability was provided in all of the first six, but
Lifeboat was an Agena installation in the first three, being shifted to the GE vehicle thereafter,
and roll-joint capability was scheduled to be incorporated starting with the fourth system, as was
the stellar-index camera. (As it turned out, the SI was not incorporated until the Tth flight.)

By early May, study of the problems of supplementary launch, standby, and quick reaction
had been sufficient to show that a high launch rate could be maintained by keeping at least three
pads in a GAMBIT configuration and by building up a modest stockpile of boosters and GAMBIT
systems,

The possibility of tandem recovery vehicles for GAMBIT was examined but it was General
Greer’s judgment that nothing serious should be attempted in the matter of tandem configuration
GAMBIT s until the original system had been well proven.

By the time such matters were resolved, attention was turning toward the impending first
launch of GAMBIT. Booster payload assembly had begun in February, after some delay because
of the late arrival of prime components and the need to incorporate hitchup provisions. In order
to protect schedules, Colonel King had agreed that it would be permissible to put the missing
components into the total system during functional testing.

Then, during the late afternoon of 11 May, a faulty valve in combination with a deficient fuel
loading sequence caused a loss of internal pressure in Atlas 1900 being used in checking out
procedures for the first GAMBIT flight. The booster collapsed on its stand, dumping both the GE
orbital vehicle and the Agena on the concrete hardstand. The GE vehicle was severely damaged,
the Agena to a lesser degree. Surprisingly, there was neither explosion nor fire, although 13,000
gallons of liquid oxygen and a full load of fuel sloshed over the stand and the nearby terrain.

Equally fortunate, the payload did not split open, so there was no compromise of GAMBIT security.

But the camera system was rendered permanently useless, a large part of the optics system being
demolished, and the recovery vehicle was so battered that further use seemed imprudent. Neither
the camera nor the orbital vehicle was that scheduled for the first GAMBIT flight; the Agena,
however, was supposed to be used in that launch.
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One other set of developments had been continuing parallel to the technical aspects of launch
preparations. These involved security and deception, In addition to the concern by the CIA over
preserving CORONA security, the missile assembly building would have to be cordoned off to
separate GAMBIT from other programs, such as the E-6, that shared the facility. One of the
problems peculiar to pretending that GAMBIT was a non-camera project was th